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ABSTRACT
T h r e e  i s l a n d s  w h ich  a r e  p a r t  o f  V i r g i n i a ' s  b a r r i e r  i s l a n d  complex 
w e r e  s e l e c t e d  f o r  s t u d y ,  b a s e d  on b o t h  g e o g r a p h i c  and v e g e t a t i o n a l  
f e a t u r e s  o f  i n t e r e s t .  Each i s l a n d  i n c l u d e s  one  o r  more  o u t l y i n g  
r i d g e s  v e g e t a t e d  by m a r i t i m e  f o r e s t  s p e c i e s ,  g e n e r a l l y  s u r r o u n d e d  by 
e x t e n s i v e  s a l t  m a r s h .
H e r b a c e o u s ,  s h r u b ,  and  o v e r s t o r y  l a y e r s  o f  v e g e t a t i o n  w e re  examined 
a t  e a c h  s i t e .  The o r d i n a t i o n  t e c h n i q u e  o f  D e t r e n d e d  C o r r e s p o n d e n c e  
A n a l y s i s ,  a s  p e r f o r m e d  by  t h e  FORTRAN p rog ram  DECORANA, was u s e d  t o  
c l a r i f y  v e g e t a t i o n a l  community s t r u c t u r e .  The o r d i n a t i o n  a x e s  g e n e r a t e d  
by DECORANA w e re  h i g h l y  s u c c e s s f u l  i n  a c c o u n t i n g  f o r  v a r i a t i o n  i n  t h e  
d a t a  a n a l y z e d .
I n  c o n j u n c t i o n  w i t h  v e g e t a t i o n  s a m p l i n g  a t  e ac h  s i t e ,  t h e  f o l l o w i n g  
e n v i r o n m e n t a l  f a c t o r s  w e re  m e a s u r e d :  e l e v a t i o n ,  s o i l  pH, and c o n c e n t r a ­
t i o n s  o f  p h o s p h o r u s ,  p o t a s s i u m ,  c a l c i u m ,  magnes ium,  n i t r a t e ,  and s o l u b l e  
s a l t s  i n  s o i l  s a m p l e s .  Each e n v i r o n m e n t a l  f a c t o r  was t e s t e d  a g a i n s t  t h e  
o r d i n a t i o n  a x e s  g e n e r a t e d  by DECORANA f o r  s i g n i f i c a n c e  o f  c o r r e l a t i o n s .
E l e v a t i o n  a n d  t i d a l  i n u n d a t i o n  a r e  t h e  f a c t o r s  m os t  f r e q u e n t l y  c i t e d  
a s  c o n t r o l l i n g  o r  d e t e r m i n i n g  t h e  z o n a t i o n  o f  c o a s t a l  s a l t  marsh  v e g e t a t i o n .  
I n  t h i s  s t u d y ,  e l e v a t i o n  w a s ,  i n  f a c t ,  found  t o  be  s t r o n g l y  c o r r e l a t e d  
w i t h  o r d i n a t i o n  a x e s  i n  e a c h  o f  t h e  f i v e  o r d i n a t i o n s  p e r f o r m e d ,  i n d i c a t i n g  
a n  i m p o r t a n t  r e l a t i o n s h i p  b e t w e e n  v e g e t a t i o n a l  community s t r u c t u r e  and 
e l e v a t i o n .
The c o n c e n t r a t i o n  o f  s o l u b l e  s a l t s  i n  s o i l  s a m p l e s  was a l s o  found 
t o  b e  a n  i m p o r t a n t  e n v i r o n m e n t a l  f a c t o r  r e l a t e d  t o  s p e c i e s  d i s t r i b u t i o n .
S o i l  pH was  found  t o  d e c r e a s e  w i t h  d i s t a n c e  f rom  t h e  s a l t  m arsh  e d g e .  
C o r r e l a t i o n s  w i t h  n u t r i e n t  c o n c e n t r a t i o n s  w e re  s t r e n g t h e n e d  by t h e  low 
c o n c e n t r a t i o n s  o f  n u t r i e n t s  i n  s a n d - d o m i n a t e d  s a m p l e s .
Z o n a t i o n  o f  v e g e t a t i o n  w i t h i n  s a l t  m arsh  and  c o a s t a l  s t r a n d  communi­
t i e s  may be  b e s t  e x p l a i n e d  by a  complex  o f  f a c t o r s ,  o f  w h ic h  e l e v a t i o n  
( i n c l u d i n g  t i d a l  f a c t o r s )  and  s a l i n i t y  a r e  t h e  most  i m p o r t a n t .  O th e r  
f a c t o r s  w h ich  v a r y  i n  s i g n i f i c a n c e  d e p e n d i n g  upon l o c a l  c o n d i t i o n s  
i n c l u d e  s o i l  n u t r i e n t  c o n c e n t r a t i o n s ,  w in d ,  d i s t u r b a n c e ,  and  c o m p e t i t i o n  
w i t h  u p l a n d  o r  i n l a n d  s p e c i e s .
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VEGETATION OF SELECTED DUNE RIDGES AND MARSHES 
ON THE EASTERN SHORE OF VIRGINIA:
COMMUNITY STRUCTURE AND RELATIONSHIP TO ENVIRONMENTAL FACTORS
INTRODUCTION
U n t i l  a p p r o x i m a t e l y  a  d e c a d e  a g o ,  v e r y  l i t t l e  was known a b o u t  th e  
c o m p o s i t i o n  o f  v e g e t a t i v e  c o m m uni t ie s  on t h e  i s l a n d s  o f  V i r g i n i a ' s  
E a s t e r n  S h o r e .  I n v e s t i g a t i o n s  had b e e n  l i m i t e d  t o  b r i e f  f i e l d  
r e c o n n a i s s a n c e  s t u d i e s  o f  s e v e r a l  i s l a n d s ,  i n c l u d i n g  A s s a t e a g u e  
( H a r v i l l ,  1 9 6 7 ) ,  P a r r a m o r e  ( H a r v i l l ,  1 9 6 5 ) ,  and Sm ith  ( C l o v i s ,  1 9 6 8 ) .
I n  a d d i t i o n ,  a b r i e f  d e s c r i p t i o n  o f  v e g e t a t i o n  on f i v e  o f  t h e  i s l a n d s  
was p r o v i d e d  a s  p a r t  o f  an i n t e r i m  r e p o r t  on  c o a s t a l  w e t l a n d s  o f  
V i r g i n i a  ( M a r s h ,  1 9 6 9 ) .  A s t u d y  by H ig g i n s  e t  a l .  (1971 )  p r o v i d e d  
a d d i t i o n a l  i n s i g h t  i n t o  v e g e t a t i v e  co m m u n i t i e s  on  A s s a t e a g u e  I s l a n d ,  and 
i n c l u d e d  some s o i l  d a t a ,  b u t  o t h e r  i s l a n d s  rem a ined  l a r g e l y  u n e x p l o r e d .
I n  1 9 7 5 ,  f o l l o w i n g  t h e  N a t u r e  C o n s e r v a n c y ' s  a c q u i s i t i o n  o f  land  
( t o t a l i n g  o v e r  3 3 , 0 0 0  a c r e s )  on t h i r t e e n  o f  t h e  i s l a n d s  f o r  i t s  V i r g i n i a  
C o a s t  R e s e r v e ,  a  s t u d y  o f  t h e  m a jo r  v e g e t a t i v e  co m m u n i t i e s  w i t h i n  t h e  
R e s e r v e  was o r g a n i z e d .  The s t u d y  p r o v i d e d  an i n v e n t o r y  o f  m a jo r  
c o m m u n i t i e s  on  t h e  i s l a n d s ,  maps o f  v e g e t a t i o n  i n d i c a t i n g  community 
l o c a t i o n s ,  and d e s c r i p t i o n s  o f  s p e c i e s  c o m p o s i t i o n .  T h i s  work p roved  t o  
b e  a  v a l u a b l e  c o n t r i b u t i o n  t o  t h e  l i t e r a t u r e  on t h e  a r e a .  Much rem a ins  
unknow n,  h o w e v e r .  The C o n s e rv a n c y  s t u d y  d e s c r i b e d  t h e  V i r g i n i a  Coas t  
R e s e r v e  a s  " v i r t u a l l y  a  b o t a n i c a l  t e r r a  i n c o g n i t o "  (M c C a f f r e y ,  1 9 7 6 ) .
T i d a l  m a rs h  i n v e n t o r i e s  o f  Accomac and Northampton C o u n t i e s  
p r e p a r e d  by VIMS p e r s o n n e l  i n  1977 ( S i l b e r h o r n  and H a r r i s ,  1977;  Moore,
31977)  p r o v i d e d  t h e  f i r s t  q u a n t i t a t i v e  d e s c r i p t i o n s  o f  B pec ie s  
c o m p o s i t i o n s  on t h e  i s l a n d s  o f  V i r g i n i a ' s  E a s t e r n  S h o re .
I n  1 9 7 8 ,  Boon e t  a l .  c o n d u c te d  a  s t u d y  o f  c o a s t a l  m a r s h / u p l a n d s  
t r a n s i t i o n  z o n e s  t h r o u g h o u t  t h e  C e n t r a l  A t l a n t i c  ( D e la w a re  t o  Nor th  
C a r o l i n a ) .  T h i s  work i n c l u d e d  v i s i t s  t o  C edar  and P a r r a m o r e  I s l a n d s ,  
d u r i n g  w h ich  i n v e s t i g a t i o n s  o f  t h e  change  i n  v e g e t a t i o n a l  c o m p o s i t i o n  
w i t h  e l e v a t i o n  w ere  c o n d u c t e d ,  b u t  t h e s e  were  b a s e d  on o n l y  f o u r  
t r a n s e c t s  i n  t h e  t r a n s i t i o n  z o n e .
The p r e s e n t  s t u d y  was d e s i g n e d  t o  f o c u s  on  v e g e t a t i o n a l  com m un i t ie s  
o f  s e l e c t e d  d u n e  r i d g e s  a s  w e l l  a s  m a r s h e s ,  p r o v i d i n g  q u a n t i t a t i v e  
i n f o r m a t i o n  on  s p e c i e s  c o m p o s i t i o n  and on e n v i r o n m e n t a l  p a r a m e t e r s  
i n c l u d i n g  e l e v a t i o n ,  s o i l  s a l i n i t y ,  and n u t r i e n t  c o n c e n t r a t i o n s  i n  s o i l  
s a m p l e s .
T h r e e  i s l a n d s  on  V i r g i n i a ' s  E a s t e r n  Shore  w ere  c h o s e n  f o r  s t u d y  
( F i g u r e  1 ) .  P o r t i o n s  o f  M ockhorn ,  R e v e l ,  and C ed a r  I s l a n d s  were  
s e l e c t e d  b e c a u s e  o f  t h e i r  g e o g r a p h i c  s i m i l a r i t i e s ;  e a c h  s t u d y  s i t e  
i n c l u d e s  o n e  o r  more  e l e v a t e d  r i d g e 6  v e g e t a t e d  by m a r i t i m e  f o r e s t  
s p e c i e s .  These  r i d g e B  a r e  " o u t l i e r s "  i n  t h e  s e n s e  t h a t  e a c h  one i s  
i s o l a t e d  g e o g r a p h i c a l l y  f rom  o t h e r  r i d g e s  o r  u p l a n d s ,  mos t  o f t e n  b e i n g  
s u r r o u n d e d  by  e x t e n s i v e  s a l t  m a r s h .  Each r i d g e  i s  o r i e n t e d  i n  a 
n o r t h e a s t / s o u t h w e s t  d i r e c t i o n ,  r o u g h l y  p a r a l l e l  t o  t h e  modern s h o r e l i n e .  
D e s p i t e  g e o g r a p h i c a l  s i m i l a r i t i e s ,  h o w ev e r ,  a  d i s t i n c t i v e  v e g e t a t i o n a l  
community i s  d i s p l a y e d  on  e a c h  o f  t h e  t h r e e  i s l a n d s .
The m a j o r  o b j e c t i v e s  o f  t h i s  s t u d y  were  t o  a n a l y z e  v e g e t a t i o n a l  
communi ty  s t r u c t u r e  on  e a c h  i s l a n d ,  c o n c e n t r a t i n g  on  t h e  r i d g e  a r e a s ,  
and t o  d e t e r m i n e  w h e t h e r  p a t t e r n s  o f  s p e c i e s  d i s t r i b u t i o n  c o u ld  be  
c o r r e l a t e d  w i t h  e l e v a t i o n  o r  w i t h  s e l e c t e d  e d a p h i c  v a r i a b l e s  ( s o i l  pH,
4F i g u r e  !■  L o c a t i o n s  o f  S tudy  S i t e s
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5s o l u b l e  s a l t s ,  and n u t r i e n t  c o n c e n t r a t i o n s ) .  The w ork ing  h y p o t h e s i s  was 
t h a t  s u c h  c o r r e l a t i o n s  coo  i d  b e  made,  and t h a t  d i f f e r e n c e s  i n  community 
c o m p o s i t i o n  b e t w e e n  s t u d y  s i t e s  c o u l d  t h u s  b e  a c c o u n t e d  f o r ,  a t  l e a s t  i n  
p a r t ,  b y  d i f f e r e n c e s  i n  e n v i r o n m e n t a l  v a r i a b l e s .
LITERATURE REVIEW
As m e n t io n e d  p r e v i o u s l y ,  v e g e t a t i o n a l  co m m u n i t i e s  on V i r g i n i a ' s  
b a r r i e r  i s l a n d  complex  h ave  n o t  b e e n  s t u d i e d  e x t e n s i v e l y .  The r e l a t i v e  
i s o l a t i o n  o f  t h e  i s l a n d s ,  w i t h  a c c e s s  a v a i l a b l e  o n ly  by b o a t ,  has  
u n d o u b t e d l y  c o n t r i b u t e d  t o  t h i s  f a c t .  Numerous s t u d i e s  o f  c o a s t a l  
v e g e t a t i o n  b o t h  n o r t h  and s o u t h  o f  V i r g i n i a  have  b e e n  c o n d u c t e d ,  
h o w e v e r ,  and c a n  s e r v e  as  v a l u a b l e  r e f e r e n c e s  f o r  c o m p a r i s o n .
N o t a b l e  among t h e  e a r l y  r e c o n n a i s s a n c e  and d e s c r i p t i v e  s t u d i e s  a r e  
i n v e s t i g a t i o n s  o f  s t r a n d  f l o r a  i n  New J e r s e y  ( H a r s h b e r g e r ,  1 9 0 9 ) ;  t h e  
v e g e t a t i o n  a t  Sandy Hook,  New J e r s e y  ( C h r y s l e r ,  1 9 3 0 ) ;  s a l t  m a r s h ,  d u n e ,  
and s t r a n d  co m m u n i t i e s  on t h e  E a s t e r n  Shore  o f  M ary land  ( S h r e v e ,  1 910 ) ;  
and a  s t u d y  o f  s t r a n d  v e g e t a t i o n  on  O cracoke  I s l a n d ,  on t h e  O u te r  Banks 
o f  N o r th  C a r o l i n a  ( K e a r n e y ,  1 9 0 0 ) .  S u b s e q u e n t  i n v e s t i g a t i o n s  i n c l u d e d  a 
s t u d y  o f  t i d a l  m a rs h e s  i n  C o n n e c t i c u t  ( M i l l e r  and E g l e r ,  1 9 5 0 ) ;  a  
d e s c r i p t i o n  o f  t h e  p l a n t  a s s o c i a t i o n s  o f  c e n t r a l  Long I s l a n d  ( C o n a r d ,  
1 9 3 5 ) ;  and a d e t a i l e d  a c c o u n t  o f  c o a s t a l  v e g e t a t i o n  a t  I s l a n d  Beach 
S t a t e  P a r k ,  New J e r s e y .  E g l e r  ( 1 9 4 2 )  i n v e s t i g a t e d  t h e  f l o r a  o f  S e a s h o r e  
S t a t e  P a r k  a t  Cape H e n ry ,  V i r g i n i a .  E n g e l s  ( 1 9 4 2 , 1 9 5 2 ) ,  i n  t h e  p r o c e s s  
o f  s t u d y i n g  t h e  v e r t e b r a t e  f a u n a  on O cracoke  I s l a n d  and S h a c k l e f o r d  
B a n k s ,  N o r th  C a r o l i n a ,  p r o v i d e d  some i n f o r m a t i o n  on t h e  s t r a n d  f l o r a  a t  
t h o s e  l o c a t i o n s .  Brown (1 9 5 9 )  s u b s e q u e n t l y  d e s c r i b e d  t h e  v e g e t a t i o n  o f  
t h e  O u te r  B a n k s ,  from O cracoke  I s l a n d  n o r t h  t o  t h e  V i r g i n i a  s t a t e  l i n e .
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7B ou rd eau  and O o s t in g  (1 9 5 9 )  c o n c e n t r a t e d  on  t h e  m a r i t i m e  l i v e  oak  f o r e s t  
on t h e  c o a s t  o f  N o r th  C a r o l i n a ,  s a m p l in g  b o t h  v e g e t a t i o n  and s o i l ,
B u r k ' 6  (1 9 6 1 )  f l o r i s t i c  s t u d y  o f  N o r th  C a r o l i n a ' s  O u te r  Banks p r o v i d e d  a 
v a l u a b l e  c o n t r i b u t i o n  t o  t h e  l i t e r a t u r e  on t h a t  a r e a ,  c o v e r i n g  t h e  
i s l a n d s  b e t w e e n  Duck,  N o r th  C a r o l i n a  and Bogue B a r r i e r  ( e x c l u d i n g  Core 
and S h a c k l e f o r d  B a n k s ) .
Numerous p a p e r s  h ave  a p p e a r e d  c o n c e r n i n g  t h e  e f f e c t s  o f  
e n v i r o n m e n t a l  v a r i a b l e s  on c o a s t a l  v e g e t a t i o n .  D u r in g  t h e  1 9 4 0 ' s  and 
1 9 5 0 ' s ,  r e s e a r c h e r s  i n  N o r th  C a r o l i n a  were  a c t i v e  i n  i n v e s t i g a t i n g  t h e  
e f f e c t s  o f  s a l t  s p r a y  on  dune  and c o a s t a l  s t r a n d  s p e c i e s .
Much o f  t h i s  work was i n f l u e n c e d  by  t h e  p i o n e e r i n g  s t u d i e s  o f  Wel ls  
and Shunk ( 1 9 3 8 ) .  They e m p h as ized  t h a t  s a l t  s p r a y  i s  t h e  most  i m p o r t a n t  
f a c t o r  i n  d e t e r m i n i n g  t h e  d i s t i n c t i v e  c o m p o s i t i o n  and s u c c e s s i o n  o f  t h e  
d u n e  com m uni ty .  The d e g r e e s  o f  t o l e r a n c e  t o  s a l t  s p r a y  o f  s e v e r a l  t r e e s  
and s h r u b s  were  a l s o  n o t e d ,  and v a r i a t i o n s  i n  t o l e r a n c e  w ere  u sed  t o  
e x p l a i n  s u r v i v a l  o r  dom inance  i n  p a r t i c u l a r  z o n e s .  BacchaTiB 
h a l i m i f o l i a  ( G r o u n d s e l  T r e e )  was d e t e r m i n e d  t o  be  h i g h l y  t o l e r a n t  o f  
s a l t  s p r a y ,  f l e x  y o a i t p r i a  (Yaupon)  and M v r l c a  c a r i f e r a  (Wax M y r t l e )  
s l i g h t l y  l e s s  t o l e r a n t ,  and O uercoa  v i r & i n i a n a  ( L i v e  Oak) a l m o s t  
e q u i v a l e n t  t o  t h e  l a t t e r  tw o .  P in n a  t a e d a  ( L o b l o l l y  P i n e ) ,  commonly 
found  on  i n l a n d  d u n e s ,  was d e s c r i b e d  as  i n t o l e r a n t  o f  s a l t  s p r a y .  W el ls  
and Shunk (1 9 3 8 )  t h u s  c o n c l u d e d  t h a t  i t s  o c c u r e n c e  s e r v e s  t o  i n d i c a t e  
t h e  l a n d w a rd  l i m i t  o f  e f f e c t i v e  s a l t  s p r a y .  W e l l s  (1939 )  e x p l a i n e d  t h e  
l i v e  o a k  f o r e s t  on S m i th  I s l a n d ,  N o r th  C a r o l i n a  on  t h e  b a s i s  o f  
t o l e r a n c e  t o  s a l t  s p r a y ,  and te rm ed  t h e  f o r e s t  t h e  " s a l t  s p r a y  c l i m a x . "
O o s t in g  and B i l l i n g s  (1 9 4 2 )  s e t  o u t  t o  t e s t  W e l l s  and S hunk '6  
( 1 9 3 8 )  h y p o t h e s i s  r e g a r d i n g  t h e  i m p o r t a n c e  o f  s a l t  s p r a y  i n  d e t e r m i n i n g
8t h e  c o m p o s i t i o n  o f  t h e  dune  com m uni ty .  They u sed  c h e e s e c l o t h  t r a p s  t o  
m e a s u r e  w i n d - b o r n e  s a l t  s p r a y  on c o a s t a l  d u n e s ,  and n o t i c e d  t h e  
c o r r e l a t i o n  b e t w e e n  t h e  i n t e n s i t y  o f  s a l t  s p r a y  and t h e  z o n a t i o n  o f  dune 
g r a s s e s ,  w i t h  U n i o i a  p a n i c u l a t e  ( S e a  O a ts )  b e i n g  t h e  most  t o l e r a n t  and 
S p a r t i n a  p a t e n s  ( Sal tmeadow Hay) t h e  l e a s t .  These f i n d i n g s  w ere  checked  
by  s p r a y i n g  t h e  same s p e c i e s  w i t h  s e a w a t e r  i n  a  c o n t r o l l e d  s e t t i n g ,  
u s i n g  p o t t e d  p l a n t s .  They d i d  n o t  d e t e c t  s i g n i f i c a n t  c o r r e l a t i o n s  
b e t w e e n  t h e  v e g e t a t i o n  z o n a t i o n  i n  t h e i r  t r a n s e c t s  ( f r o m  t h e  b e a c h  t o  
t h e  t o p  o f  t h e  r e a r  dune)  and any f a c t o r s  m e a s u r e d ,  w i t h  t h e  e x c e p t i o n  
o f  s a l t  s p r a y .  S o i l  m o i s t u r e ,  t e m p e r a t u r e ,  pH, and s a l i n i t y ,  among 
o t h e r  f a c t o r s ,  w ere  n o t  found t o  b e  s i g n i f i c a n t .
O o s t i n g  ( 1 9 4 5 )  f u r t h e r  t e s t e d  t h e  t o l e r a n c e  o f  s t r a n d  p l a n t s  u s i n g  
a r t i f i c i a l  s a l t - s p r a y ,  and a g a i n  o b s e r v e d  t h e i r  r e l a t i v e  t o l e r a n c e  t o  
t h i s  f a c t o r .  Boyce ( 1 9 5 4 )  d rew  s i m i l a r  c o n c l u s i o n s  r e g a r d i n g  t h e  
i m p o r t a n c e  o f  s a l t  s p r a y  and d e m o n s t r a t e d  t h e  p h y s i o l o g i c a l  e f f e c t s  o f  
s a l t  s p r a y  on  some s p e c i e s .  He found t h a t ,  on  t h e  N o r th  C a r o l i n a  d u n e s ,  
low a v a i l a b l e  n i t r o g e n  r e s u l t s  i n  an  i n c r e a s e  i n  t o l e r a n c e  o f  t h e  
s p e c i e s  t o  s a l t  s p r a y .
O o s t i n g  ( 1 9 5 4 ) ,  i n  h i s  c l a s s i c  p a p e r  e n t i t l e d  " E c o l o g i c a l  p r o c e s s e s  
and v e g e t a t i o n  o f  t h e  m a r i t i m e  s t r a n d  i n  t h e  s o u t h e a s t e r n  U n i te d  
S t a t e s , "  p r o v i d e d  an e x c e l l e n t  r e v i e w  which  summarized t h e  know ledge  o f  
c o a s t a l  e c o l o g y  up t o  t h a t  t i m e .  H is  c o n c l u s i o n s  r e f l e c t  t h e  
p r e e m i n e n c e  a t  t h a t  t i m e  o f  t h e  v ie w  t h a t  s a l t  s p r a y  i s  t h e  f a c t o r  most  
r e s p o n s i b l e  f o r  c o n t r o l l i n g  z o n a t i o n  o f  c o a s t a l  s t r a n d  v e g e t a t i o n .
With  r e g a r d  t o  s a l t  m a r s h e s ,  e l e v a t i o n  and t i d a l  i n u n d a t i o n  a r e  t h e  
f a c t o r s  m os t  f r e q u e n t l y  c i t e d  a s  c o n t r o l l i n g  o r  d e t e r m i n i n g  t h e  z o n a t i o n  
o f  v e g e t a t i o n .  J o h n s o n  and York (1 9 1 5 )  s t u d i e d  mar6h v e g e t a t i o n  a t  Cold
9S p r i n g  H a r b o r  on Long I s l a n d ,  and c o n c lu d e d  t h a t  s a l t - m a r s h  s p e c i e s  a r e  
r e l a t e d  t o  s p e c i f i c  s u bm ergence  t o  em ergence  r a t i o s ,  e a c h  s p e c i e s  
g ro w in g  w here  i t s  own r a t i o  o c c u r s .  T h i s  h a s  become a  c l a s s i c  s t u d y ,  
and i s  f r e q u e n t l y  c i t e d  i n  d i s c u s s i o n s  o f  s a l t  m a rs h  z o n a t i o n .
H inde  ( 1 9 5 4 )  r e v i e w e d  t h e  l i t e r a t u r e  on A m er ican  s a l t  m a r s h e s ,  and 
a l s o  c o n c l u d e d  f rom h i s  own s t u d y  t h a t  t h e  r i s e  and f a l l  o f  t h e  t i d e s ,  
w i t h  t h e  r e s u l t i n g  s u b m erg en c e  and e x p o s u r e  o f  t h e  v e g e t a t i o n ,  i s  t h e  
p r i m a r y  f a c t o r  i n v o l v e d  i n  l i m i t i n g  t h e  v e r t i c a l  r a n g e  o f  s p e c i e s .  He 
i n c l u d e d  a d i s c u s s i o n  o f  t h e  f o l l o w i n g  f a c t o r s  which  may a l s o  i n f l u e n c e  
t h e  d i s t r i b u t i o n  o f  m a rs h  s p e c i e s :  t h e  d e g r e e  o f  a e r a t i o n  o f  t h e  s o i l ,  
t h e  s a l i n i t y  o f  t h e  s o i l  s o l u t i o n ,  and t h e  c h a r a c t e r  o f  t h e  s u b s t r a t u m .
Eeed (1 9 4 7 )  s t u d i e d  6 p a r t i t i a  a l t e r n i f l o t a  n e a r  B e a u f o r t ,  N or th  
C a r o l i n a  and found  t h a t  i n d i v i d u a l  p l a n t s  r e a c h  t h e i r  b e s t  deve lo p m en t  
a p p r o x i m a t e l y  h a l f  way b e t w e e n  t h e  low- and h i g h - t i d e  l e v e l s .  Adams 
( 1 9 6 3 )  c o n d u c t e d  a  d e t a i l e d  e c o l o g i c a l  s t u d y  o f  s a l t  m a rs h es  a t  s even  
N o r t h  C a r o l i n a  s i t e s  and c o n c l u d e d  t h a t  " t i d e - e l e v a t i o n  i n f l u e n c e s  a r e  
t h e  p r i m a r y  f a c t o r s  c o n t r o l l i n g  t h e  d i s t r i b u t i o n  o f  s a l t - m a r s h  s p e c i e s " .  
Adams c a l c u l a t e d  t h e  mean e l e v a t i o n  o f  o c c u r r e n c e  ( w i t h  c o n f i d e n c e  
l i m i t s )  o f  e a c h  o f  t h e  m a j o r  s a l t - m a r s h  s p e c i e s .  E l e v a t i o n  and t i d e  
l e v e l s  h a v e  b e e n  c o n s i d e r e d  t h e  m o s t  i m p o r t a n t  f a c t o r s  w i t h  r e s p e c t  t o  
e c o l o g i c a l  b i o g e o g r a p h y  o f  an Oregon s a l t  marsh  a s  w e l l  ( E i l e r s ,  1 9 7 5 ) .  
Many s p e c i e s  grow w i t h i n  a v e r y  n a r r o w  e l e v a t i o n a l  r a n g e .  A d i f f e r e n c e  
o f  a s  l i t t l e  a s  o n e  i n c h  h a s  b e e n  shown t o  o c c u r  a t  t h e  j u n c t i o n  be tw ee n  
two c o m m u n i t i e s  (K u rz  and Wagner ,  1957;  K e rw in  and P e d i g o ,  1 9 7 1 ) .
B oon ,  B o u le  and S i l b e r h o r n  (1 9 7 7 )  found t h a t  t h e  u p p e r  b o u n d a ry  o f  
s a l i n e  m a rs h e s  a t  s e v e r a l  l o c a t i o n s  i n  t h e  low er  C h es ap ea k e  Bay a v e ra g e d  
29 cm ( . 9 5  f t . )  above  mean h i g h  w a t e r  ( r a n g e  ■= 24-36  c m ) ,  i n d i c a t i n g  a
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c o n s i s t e n t  r e l a t i o n s h i p  b e t w e e n  t i d e - e l e v a t i o n  f a c t o r s  and s p e c i e s  
d i s t r i b u t i o n .
Some r e s e a r c h e r s  h a v e  c o n c l u d e d  t h a t  a  c o m b i n a t i o n  o f  f a c t o r s  i s  
r e s p o n s i b l e  f o r  d e t e r m i n i n g  t h e  z o n a t i o n  o f  c o a s t a l  v e g e t a t i o n ,  and t h a t  
no s i n g l e  f a c t o r  c a n  p r o v i d e  a s a t i s f a c t o r y  e x p l a n a t i o n  f o r  s p e c i e s  
d i s t r i b u t i o n .  J a c k s o n  ( 1 9 5 2 ) ,  Bourdeau  and Adams ( 1 9 5 6 ) ,  and P a lm i s a n o  
( 1 9 7 0 )  d i s c u s s e d  t h e  i m p o r t a n c e  o f  s o i l  w a t e r  s a l i n i t y  as  w e l l  as  
i n u n d a t i o n  and e l e v a t i o n .  Chapman (1 9 4 0 )  i n c l u d e d  a e r a t i o n  and d r a i n a g e  
i n  a com plex  o f  f a c t o r s  r e s p o n s i b l e  f o r  z o n a t i o n .  Reed (1 9 4 7 )  r e p o r t e d  
on t h e  r e l a t i o n s h i p  o f  6 t » a r t i n a  a i t e m i f i o r a  t o  c e r t a i n  e d a p h i c  f a c t o r s .  
Gray  and Bunce (1 9 7 2 )  s u g g e s t e d  t h a t  f a c t o r s  r e l a t e d  t o  subm ergence  " a r e  
' s u p e r i m p o s e d '  u p o n ,  and i n t e r a c t  w i t h ,  e d a p h i c  f a c t o r s " .  Au (1969)  
d e s c r i b e d  a com plex  o f  i n t e r r e l a t e d  f a c t o r s  i n c l u d i n g  w i n d ,  t o p o g r a p h y  
and e d a p h i c  f a c t o r s  as  b e i n g  r e s p o n s i b l e  f o r  d i s t r i b u t i o n  o f  c o a s t a l  
s p e c i e s  on t h e  O u t e r  Banks o f  N o r th  C a r o l i n a .
S t i l l  o t h e r  r e s e a r c h e r s  h ave  found no c o n s i s t e n t  r e l a t i o n s h i p  
b e t w e e n  m a rsh  s p e c i e s  and e n v i r o n m e n t a l  f a c t o r s .  Working i n  an A la s k a n  
s a l t  m a r s h ,  S to n e  ( 1 9 8 4 )  a s c r i b e d  v a r i a b i l i t y  o f  com m u n i t ie s  t o  t h e  
i n d i v i d u a l i s t i c  b e h a v i o r  o f  p l a n t  s p e c i e s ,  w i t h  h i s t o r i c a l  f a c t o r s  6uch 
a s  p r i o r  l and  u s e  and d i s t u r b a n c e  p l a y i n g  a r o l e .
E g l e r  (1942 )  a l s o  c a u t i o n e d  t h a t  h i s t o r i c a l  and s t o c h a s t i c  e v e n t s  
m us t  b e  t a k e n  i n t o  a c c o u n t ,  i n c l u d i n g  s u c h  e v e n t s  a s  s e e d  d i s p e r s a l ,  
g e r m i n a t i o n ,  and d i s t u r b a n c e .  The r e c i p r o c a l  e f f e c t  o f  v e g e t a t i o n  upon 
i t s  e n v i r o n m e n t  m us t  n o t  b e  o v e r l o o k e d  e i t h e r  ( B i l l i n g s ,  1 9 5 2 ) .
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O r d i n a t i o n  and D a t a  A n a l y s i s
With  t h e  a d v e n t  o f  s o p h i s t i c a t e d ,  c o m p u t e r i z e d  t e c h n i q u e s  f o r  
o r d i n a t i o n  and c l a s s i f i c a t i o n  o f  e c o l o g i c a l  d a t a  i n  r e c e n t  y e a r s ,  many 
r e s e a r c h e r s  h a v e  d i r e c t e d  t h e i r  e f f o r t s  tow ard  c o m p u te r i z e d  a n a l y s i s .  
T h i s  h a s  e n a b l e d  more e x a c t i n g  c a l c u l a t i o n s  t o  be  p e r f o r m e d ,  w h i l e  
d r a s t i c a l l y  r e d u c i n g  t h e  amount o f  t i m e  w h ic h  m us t  b e  s p e n t  on r o u t i n e  
a n a l y s e s .  C a re  m us t  b e  t a k e n ,  h o w e v e r ,  t o  m a i n t a i n  sound e c o l o g i c a l  
r e a s o n i n g  when i n t e r p r e t i n g  r e s u l t s .  C o n s i d e r a b l e  d e b a t e  has  o c c u r r e d  
r e g a r d i n g  t h e  r e l a t i v e  m e r i t  o f  v a r i o u s  o r d i n a t i o n  t e c h n i q u e s .  The 
s u p e r i o r i t y  o f  r e s u l t s  o b t a i n e d  u s i n g  t h e  new t e c h n i q u e  o f  d e t r e n d e d  
c o r r e s p o n d e n c e  a n a l y s i s  f o r  community d a t a  h a s  b e e n  d e m o n s t r a t e d  by many 
r e s e a r c h e r s  ( H i l l ,  1979 ;  H i l l  and Gauch,  1980;  Gauch e t  a l . , 1981;  Gauch 
and W h i t t a k e r ,  1981;  Gauch,  1982;  P i e l o u ,  1 9 8 4 ) .  T h i s  t e c h n i q u e  c a n  be 
u s e d  q u i t e  s u c c e s s f u l l y  f o r  i l l u m i n a t i n g  r e l a t i o n s h i p s  b e tw e e n  s p e c i e s  
d i s t r i b u t i o n  and e n v i r o n m e n t a l  p a r a m e t e r s  (G au ch ,  1982;  R h e i n h a r d t  and 
Ware ,  1984 ;  G u r n e l l  e t  a l . ,  1 9 8 5 ) .
DESCRIPTION OF THE STUDY AREA
gfipjpsiE' Vm l «igeA:.aBOanifii...
A l th o u g h  c o a s t a l  g e o l o g i s t s  a r g u e  a b o u t  t h e  e x a c t  p a t t e r n  o f  s e a  
l e v e l  c h a n g e s  s i n c e  t h e  l a s t  I c e  Age,  most  a g r e e  t h a t  t h e  oc e a n  l e v e l  
r e a c h e d  a low o f  a p p r o x i m a t e l y  130 m e t e r s  b e lo w  i t s  p r e s e n t  p o s i t i o n  a t  
t h e  h e i g h t  o f  t h e  W i s c o n s i n  g l a c i a t i o n  ( 1 3 , 0 0 0  y e a r s  B . P . ) ,  Sea l e v e l  
t h e n  r o s e  r a p i d l y  u n t i l  a p p r o x i m a t e l y  6 , 0 0 0 - 7 , 0 0 0  y e a r s  a g o ,  when a 
s u b s t a n t i a l  r e d u c t i o n  i n  t h e  r a t e  o f  r i s e  o c c u r r e d  ( M i l l im a n  and Emery,  
1 9 6 8 ) .
T e c t o n i c  e f f e c t s ,  g l a c i a l - i s o s t a t i c  r e b o u n d ,  and c o n s o l i d a t i o n  and 
c o m p a c t i o n  o f  s e d i m e n t s  h a v e  b e e n  c o u p l e d  w i t h  e u s t a t i c  s e a - l e v e l  r i s e ,  
and t h u s  h a v e  a l s o  c o n t r i b u t e d  t o  r e l a t i v e  c h a n g e s  i n  s e a  l e v e l .  The 
r e l a t i v e  s e a - l e v e l  r i s e  o r  c o a s t a l  subm ergence  w h ich  h a s  o c c u r r e d  a lo n g  
t h e  U .S .  A t l a n t i c  and G u l f  C o a s t s  has  v a r i e d  i n  m a g n i tu d e  f rom one 
l o c a t i o n  t o  a n o t h e r  due  t o  d i f f e r e n c e s  i n  t h e  r e l a t i v e  i m p o r t a n c e  o f  
i s o s t a t i c  and e u s t a t i c  f a c t o r s  as  w e l l  as  v a r i a t i o n  i n  t h e  s l o p e  o f  t h e  
c o a s t l i n e .  I n  a l l  c a s e s ,  h o w e v e r ,  i t  has  b e e n  i m p o r t a n t  b o t h  i n  s a l t  
m a rs h  d e v e l o p m e n t ,  and i n  t h e  d ev e lo p m e n t  and m i g r a t i o n  o f  c o a s t a l  
b a r r i e r  i s l a n d s .  R a d i o c a r b o n  d a t i n g  i n d i c a t e s  t h a t  t h e  e x p a n s i v e  t i d a l  
m a rs h e s  now e x i s t i n g  a l o n g  t h e  e a s t e r n  and s o u t h e a s t e r n  c o a s t s  o f  th e  
U n i t e d  S t a t e s  g e n e r a l l y  formed no e a r l i e r  t h a t  4000 B . P .  (O r s o n  e t  a l . ,  
1985;  K e a rn e y  and S t e v e n s o n ,  1 9 8 5 ) .  Newman and Rusnak (1965)  p u t  t h i s
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d a t e  a t  2500 y e a r s  B . P .  f o r  m a rs h e s  i n  t h e  v i c i n i t y  o f  W ac h ap reag u e , 
V i r g i n i a ,  on t h e  E a s t e r n  S h o r e .  T h i s  r o u g h l y  c o i n c i d e s  w i t h  t h e  
s u b s t a n t i a l  r e d u c t i o n  i n  r a t e s  o f  s e a  l e v e l  r i s e  ( M i l l i m a n  and Emery,
1968;  R e d f i e l d ,  1 9 6 5 ; 1 9 6 7 ) ,  l i k e l y  e n a b l i n g  s e d i m e n t a t i o n  and u p b u i l d i n g  
o f  m a rsh  s u r f a c e s  t o  k e e p  p a c e  w i t h  r e l a t i v e  s e a - l e v e l  r i s e .
B a r r i e r  i s l a n d  f o r m a t i o n  and m i g r a t i o n  h ave  a l s o  o c c u r r e d  u n d e r  
c o n d i t i o n s  o f  r e l a t i v e  s e a  l e v e l  r i s e .  The q u e s t i o n  o f  how b a r r i e r  
i s l a n d s  i n i t i a l l y  fo rmed has  b e e n  a  s u b j e c t  o f  c o n t r o v e r s y  among 
g e o l o g i s t s  f o r  d e c a d e s .  T h r e e  m a j o r  h y p o t h e s e s  h ave  b e e n  c o n s i d e r e d  and 
d i s c u s s e d :
1) u p b u i l d i n g  o f  s u b m a r i n e  b a r s  f rom s h e l f  s e d i m e n t s  t h r o u g h  wave 
and t i d a l  a c t i o n  (d e B e a u m o n t ,  1845 as  c i t e d  i n  H o y t ,  1967;
J o h n s o n ,  1919)
/  UFRARY
2)  s e g m e n t a t i o n  o f  e l o n g a t i n g  s p i t s  by i n l e t s  ( G i l b e r t ,  1885;
F i s h e r ,  1 9 6 8 ) ,  w i t h  l o n g s h o r e  d r i f t  s e r v i n g  a s  t h e  t r a n s p o r t  ' 
mechan ism f o r  s p i t  f o r m a t i o n .
3)  s u bm ergence  o f  m a in l a n d  c o a s t a l  r i d g e s  as  a  r e s u l t  o f  a  r e l a t i v e  
r i s e  i n  s e a  l e v e l ,  p r o d u c i n g  a  b a r r i e r  i s l a n d  s y s t e m  s e p a r a t e d  
f ro m  t h e  m a in l a n d  by  l a g o o n s  ( H o y t ,  1 9 6 7 ) .
The s u b m a r in e  b a r  h y p o t h e s i s  i s  no  l o n g e r  u n d e r  s e r i o u s  
c o n s i d e r a t i o n  as  a  mode o f  b a r r i e r  i s l a n d  f o r m a t i o n ,  as  i t  has  b e e n  
r e p u d i a t e d  by  modern  s t r a t i g r a p h i c  e v i d e n c e  ( i n c l u d i n g  t h e  l a c k  o f  o p e n -  
m a r i n e  s e d i m e n t s  la ndw ard  o f  b a r r i e r  i s l a n d s ) ( H o y t ,  1967;  F i e l d  and 
D uane ,  1 9 7 6 ) .  The d e b a t e  h a s  c o n t i n u e d  t o  r a g e ,  h o w e v e r ,  o v e r  t h e  
a c c u r a c y  and r e l a t i v e  i m p o r t a n c e  o f  t h e  second and t h i r d  h y p o t h e s e s .
H o y t ' s  h y p o t h e s i s  c e n t e r e d  on t h e  p r i n c i p l e  t h a t  c o a s t a l  r i d g e s  
( b e a c h  r i d g e s  o r  dune  l i n e s )  form a l o n g  s h o r e l i n e s  as  t h e y  p r o g r a d e
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d u r i n g  p e r i o d s  o f  s t a b l e  o r  f a l l i n g  s e a  l e v e l ,  t h e n  w i t h  g r a d u a l  
s u b m erg en c e  ( e . g . t h a t  w h ich  h a s  o c c u r r e d  o v e r  t h e  p a s t  4 , 0 0 0 - 5 , 0 0 0  
y e a r s ) ,  t h e  low a r e a  b e h i n d  t h e  r i d g e  i s  su b m erg ed ,  l e a v i n g  a b a r r i e r  
i s l a n d  formed a round  t h e  c o r e  o f  t h e  o r i g i n a l  c o a s t a l  r i d g e .  Depending 
upon  t h e  s l o p e  o f  t h e  c o a s t a l  p l a i n ,  b a r r i e r  i s l a n d s  t h u s  c o u l d  have  
b e e n  formed some d i s t a n c e  seaw ard  o f  t h e  p r e s e n t  c o a s t .  C o n t i n u i n g  s e a -  
l e v e l  r i s e  would t h e n  r e s u l t  i n  a  g e n e r a l  r e t r e a t  o f  t h e s e  i s l a n d s  and 
t h e i r  a s s o c i a t e d  m a rs h e s  l a n d w a r d .
L o n g s h o re  t r a n s p o r t  h a s  s i g n i f i c a n t l y  m o d i f i e d  some b a r r i e r  i s l a n d s  
( F i s h i n g  P o i n t  on  A s s a t e a g u e  I s l a n d ,  V i r g i n i a  i s  a  f r e q u e n t l y - c i t e d  
e x a m p l e ) ,  b u t  c o n t e n t i o n  r e m a i n s  o v e r  i t s  i m p o r t a n c e  as  a  mechanism o f  
b a r r i e r  f o r m a t i o n ;  i . e . . i s  i t  c a p a b l e  o f  fo rm ing  e x t e n s i v e  c h a i n s  o f  
b a r r i e r  i s l a n d s  s u c h  a s  t h o s e  found a l o n g  t h e  M i d - A t l a n t i c ,  o r  i s  i t  o f  
s e c o n d a r y  i m p o r t a n c e  t o  o t h e r  mechan isms o f  b a r r i e r  f o r m a t i o n ?  ( F i e l d  
and D uane ,  1976)
F i s h e r  ( 1 9 6 8 ) ,  b a s i n g  h i s  i d e a s  on e a r l i e r  work by  G i l b e r t  ( 1 8 8 5 )  
p r o p o s e d  t h a t  b a r r i e r  i s l a n d s  a r e  i n i t i a l l y  formed a s  complex  s p i t s  
t h r o u g h  l o n g s h o r e  t r a n s p o r t  o f  m a t e r i a l  f rom  e r o d i n g  h e a d l a n d s .  
A c c o r d i n g  t o  t h i s  t h e o r y ,  t h e  s p i t s  a r e  t h e n  b r e a c h e d  by  s t o r m  waves t o  
fo rm  s e p a r a t e  i s l a n d s ,  o r  c h a i n s  o f  i s l a n d s .
The f a c t  t h a t  s i g n i f i c a n t  c r o s s o v e r  e x i s t s  b e tw e e n  t h e  i d e a s  o f  
F i s h e r  and t h o s e  o f  Hoyt h a s  b e e n  acknow ledged  by  b o t h .  F i s h e r  
a cknow le dged  c h a n g e s  i n  s e a  l e v e l  a s  i m p o r t a n t  i n  t h e  p r e s e n t - d a y  
m orpho logy  o f  t h e  c o a s t l i n e ,  and Hoyt acknowledged  c a s e s  i n  w hich  s p i t  
f o r m a t i o n  h a s  b e e n  i m p o r t a n t .  O t h e r s  h ave  p o i n t e d  o u t  t h e  p o s s i b l e  
o v e r l a p  b e t w e e n  t h e o r i e s  o f  b a r r i e r  i s l a n d  f o r m a t i o n .  S chw ar tz  (1971)  
p r o p o s e d  m u l t i p l e  c a u s a l i t y  f o r  b a r r i e r  i s l a n d s .  S w i f t  (1975 )  c o n c u r r e d
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w i t h  t h i s  p r i n c i p l e ,  m a i n t a i n i n g  t h a t  b o t h  s p i t  b u i l d i n g  and m a i n l a n d -  
b e a c h  d e t a c h m e n t  p r o c e s s e s  a r e  v i a b l e  m echan ism s ,  s p i t  b u i l d i n g  b e i n g  
f a v o r e d  i n  a r e a s  w i t h  g r e a t e r  r e l i e f  and submergence  b e i n g  f a v o r e d  i n  
a r e a s  w i t h  low ,  f l a t  c o a s t l i n e s .  The E a s t e r n  Shore  o f  V i r g i n i a  f a l l s  i n  
t h e  l a t t e r  c a t e g o r y .
W ha tever  t h e i r  o r i g i n ,  t h e r e  i s  g e n e r a l  a g re e m e n t  t h a t  b a r r i e r  
i s l a n d s  h a v e  b e e n  u n d e r g o i n g  la ndw ard  t r a n s g r e s s i o n  i n  r e c e n t  d e c a d e s  
( S w i f t ,  1975;  F i e l d  and D uane ,  1976 ;  L e a t h e r m a n ,  1 9 8 3 ) .  Ample e v i d e n c e  
f o r  t h i s  h a s  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e  f o r  s i t e s  a l o n g  t h e  E a s t  
C o a s t  o f  t h e  U n i t e d  S t a t e s .
Newman and M unsa r t  ( 1 9 6 8 )  d e s c r i b e d  e v i d e n c e  o f  landward  m i g r a t i o n  
o f  s e v e r a l  h u n d red  m e t e r s  f o r  C ed a r  and P a r r a m o r e  I s l a n d s ,  r e s u l t i n g  i n  
e x p o s u r e  o f  s a l t  m a rsh  and l a g o o n a l  s e d i m e n t s  on t h e  seaward  s i d e  o f  t h e  
i s l a n d s .  T h i s  h a s  b e e n  o b s e r v e d  a l s o  on  S h a c k l e f o r d  Banks i n  N o r th  
C a r o l i n a  ( G o d f r e y ,  1 9 7 0 ) .  One s e c t i o n  o f  ex p o s ed  marsh  p e a t  on 
S h a c k l e f o r d  B a n k s ,  imbedded w i t h  t r e e  s t u m p s ,  was r a d i o c a r b o n  d a t e d  a t  
l e s s  t h a n  200 y e a r s .  G o d f r e y  c o n c l u d e d  t h a t  t h e  s u r f  zone  must  have  
b e e n  a t  l e a s t  400 m e t e r s  f rom t h e  s i t e  o f  t h e  p e a t  when t h e  t r e e s  were  
a l i v e .
On P a r r a m o r e  I s l a n d ,  t r e e  s tumps  up t o  30 cm i n  d i a m e t e r  d o t  t h e  
b e a c h  and s u r f  zone  a l o n g  t h e  c e n t r a l  p o r t i o n  o f  t h e  i s l a n d .  These  were  
i d e n t i f i e d  a s  l i v e  oak  by  Newman and M unsa r t  ( 1 9 6 8 ) .  O o s t in g  ( 1 9 5 4 ) ,  
Brown ( 1 9 5 9 ) ,  and B u rk (1 9 6 2 )  r e p o r t e d  " g h o s t  f o r e s t s , "  o r  s tumps 
s u r v i v i n g  i n  t h e  o c e a n  i n t e r t i d a l  z o n e ,  on t h e  O u te r  Banks o f  N or th  
C a r o l i n a .  H ig g i n s  e t  a l .  ( 1 9 7 1 )  r e p o r t e d  t h e  same phenomenon on 
A s s a t e a g u e  I s l a n d ,  and c o n c l u d e d  t h e  f o l l o w i n g :  "One can  o n l y  ju d g e  by
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o u r  p r e s e n t  know ledge  o f  z o n a t i o n ,  t h a t  t h e  d u n e g r a s s  and s h ru b  zones  
were  p r e s e n t  e a s t  o f  t h e  b e a c h  where t h e  stumps a r e  now l o c a t e d . "
T h i s  p r i n c i p l e  o f  la ndward  m i g r a t i o n  i s  a l s o  i l l u s t r a t e d  i n  o t h e r  
l o c a t i o n s ,  where  J o n ip e r u B  v i r f c i n i a n a  stumps c u r r e n t l y  s t a n d  w e l l  w i t h i n  
S p a r t i n a  B l t e m i f l D r a  m a rsh  (Adams,  1963;  G o d f r e y ,  1970;  t h i s  s t u d y ,  
Mockhorn I s l a n d  s i t e ) .  One s u c h  a r e a  on S h a c k l e f o r d  Banks ,  N or th  
C a r o l i n a  was d e s c r i b e d  a s  wooded on  maps drawn 100 y e a r s  ago ( G o d f r e y ,  
1 9 7 0 ) .
A l l  e v i d e n c e  p o i n t s  tow ard  c o n t i n u e d  la ndw ard  m i g r a t i o n  o f  t h e  Mid- 
A t l a n t i c  b a r r i e r  i s l a n d s ,  a s  s e a  l e v e l  c o n t i n u e s  i t s  g r a d u a l  a s c e n t .  
H a r r i s o n  e t  a l .  ( 1 9 6 5 )  p o s t u l a t e d  c r u s t a l  u p l i f t  a t  t h e  mouth o f  t h e  
C h e s a p e a k e  Bay d u r i n g  t h e  l a t e  P l e i s t o c e n e ,  and i t  h a s  b e e n  s u g g e s t e d  
t h a t  t h i s  u p l i f t  i s  c o n t i n u i n g  t o  e x e r t  i n f l u e n c e  on t h e  r e l a t i v e  
s u b s i d e n c e  r a t e s  o f  l o c a t i o n s  a l o n g  t h e  D elm arva  P e n i n s u l a .  H o ld a h l  and 
M o r r i s o n  ( 1 9 7 4 )  r e p o r t e d  g r e a t e r  subm ergence  r a t e s  a t  t h e  n o r t h e r n  end 
o f  t h i s  c h a i n  o f  b a r r i e r  i s l a n d s  t h a n  a t  t h e  s o u t h e r n  e n d ,  2 mm/yr a t  
A s s a t e a g u e  I s l a n d  v e r s u s  1 . 2  mm/yr a t  Cape C h a r l e s  d u r i n g  t h e  p e r i o d  
1944 t o  1 9 7 4 .  T h i s  l e d  them t o  c o n c u r  w i t h  t h e  f i n d i n g s  o f  H a r r i s o n  e t  
a l . ,  and s u g g e s t s  t h a t  t h e  n o r t h e r n  b a r r i e r  i s l a n d s  may c o n t i n u e  t o  
r e t r e a t  l a n d w a rd  a t  a  more r a p i d  r a t e  t h a n  i s l a n d s  a t  t h e  s o u t h e r n  end 
o f  t h e  c h a i n .  Lagoons  a r e  t h u s  l i k e l y  t o  n a r r o w ,  w i t h  a  s u b s e q u e n t  
d e c r e a s e  i n  t o t a l  w e t l a n d s  a r e a  ( D e m a re s t  and L e a t h e r m a n ,  1 9 S 5 ) .
Mockhorn I s l a n d  h a s  a  l o n g  h i s t o r y  o f  human a c t i v i t y .  I n d i a n s  may 
w e l l  h ave  t r a v e l e d  t o  Mockhorn from t h e  E a s t e r n  S h o r e ' s  m a in la n d  t o  f i s h
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and h a r v e s t  s h e l l f i s h  d u r i n g  t h e  e a r l y  s e v e n t e e n t h  c e n t u r y .  At t h a t  
t i m e ,  s e a  l e v e l  wa6 a p p r o x i m a t e l y  1 m low er  t h a n  a t  p r e s e n t ,  a  f a c t o r  
w h ich  i s  l i k e l y  t o  h ave  f a c i l i t a t e d  t r a v e l  t o  t h e  i s l a n d  from t h e  
m a i n l a n d .  Such a c t i v i t y  i s  b e l i e v e d  t o  have  o c c u r r e d  on Hog I s l a n d  to  
t h e  n o r t h  as  w e l l ,  w i t h  l a r g e  s h e l l  mounds r e m a i n i n g  as  e v i d e n c e  
(G raham ,  1 9 7 6 ) .  S h e l l  m iddens  were  e n c o u n t e r e d  on Mockhorn d u r i n g  t h e  
r e c o n n a i s s a n c e  s u r v e y  f o r  t h i s  s t u d y .
Mockhorn was f i r s t  p a t e n t e d  i n  1 6 5 7 .  C l a y - l i n e d  e v a p o r a t i o n  ponds  
w e re  c o n s t r u c t e d  i n  t h e  l a t t e r  p a r t  o f  t h e  s e v e n t e e n t h  c e n t u r y  f o r  s a l t  
p r o d u c t i o n  ( W h i t e l a w ,  1 9 6 8 ) .  An e a r l i e r  s a l t - m a k i n g  o p e r a t i o n  had b een  
e s t a b l i s h e d  on  Sm ith  I s l a n d  b y  t h e  V i r g i n i a  Company, i n  which  l a r g e  
k e t t l e s  w ere  u s e d  t o  b o i l  s e a  w a t e r  ( K i n g s b u r y ,  1 9 2 4 ) .
G r a z i n g  o f  c a t t l e  and s h e e p  on Mockhorn I s l a n d  was a common 
p r a c t i c e  f o r  many d e c a d e s ,  c o n t i n u i n g  u n t i l  1 9 3 3 ,  when a t r o p i c a l  
h u r r i c a n e  c a u s e d  e x t e n s i v e  damage t o  l i v e s t o c k  and p r o p e r t y ,  and t h e  
i s l a n d  was abandoned  (Turm an ,  1 9 6 4 ) .  J u s t  p r i o r  t o  t h i s  t i m e ,  d u r i n g  
t h e  1 9 2 0 ' s  and e a r l y  1 9 3 0 ' s ,  t h e  i s l a n d  i s  s a i d  t o  h ave  s u p p o r t e d  
s e v e r a l  hu n d red  c a t t l e  (Graham,  1 9 7 6 ) .  The g r a z i n g  and f o r a g i n g  s t r e s s  
t o  w h ic h  t h e  i s l a n d  was s u b j e c t e d  may h a v e  e l i m i n a t e d  some s p e c i e s ,  and 
i s  l i k e l y  t o  h a v e  had  an e f f e c t  on p r e s e n t  community s t r u c t u r e  ( R a n w e l l ,  
1 9 6 1 ;  M c C a f f r e y ,  1 9 7 6 ) .  C a t t l e  t r o u g h s  w ere  c o n s t r u c t e d  a t  v a r i o u s  
l o c a t i o n s  a c r o s s  t h e  i s l a n d ,  and f i l l e d  w i t h  f r e s h  w a t e r  pumped from 
w e l l s  and f r e s h w a t e r  ponds  b y  w i n d m i l l s .  N o r th  o f  t h e  o b s e r v a t i o n  
t o w e r s  (w h ic h  were  c o n s t r u c t e d  on t h e  w e s t e r n  s h o r e  o f  Mockhorn d u r i n g  
t h e  1 9 4 0 ' b) ,  r e m n a n t s  o f  one  o f  t h e s e  r a c k s  a r e  s t i l l  s t a n d i n g .
P o r t i o n s  o f  a  w i n d m i l l  e x i s t  i n  t h e  v i c i n i t y  o f  Cab in  Cove ,  s u g g e s t i n g
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t h a t  g r a z i n g  a c t i v i t y  was p r e v a l e n t  i n  t h e  a r e a  s u r r o u n d i n g  t r a n s e c t s  1 
and 2 ( S e e  F i g u r e  2 ,  p age  2 2 ) .
A l a r g e  h o u s e ,  a  s m a l l e r  c o t t a g e  and s t o r a g e  b u i l d i n g s  were 
c o n s t r u c t e d  a t  t h e  s o u t h e r n  end o f  Mockhorn i n  t h e  1 9 2 0 ' s ,  when t h e  
i s l a n d  was owned by t h e  Cushman f a m i l y  o f  New Y ork .  D ur ing  t h e  1 9 4 0 ' s  
T .A .D .  J o n e s ,  t h e n  owner  o f  M ockhorn ,  e n t e r t a i n e d  numerous  g u e s t s  a t  
t h i s  l o c a t i o n ,  i n c l u d i n g  F r a n k l i n  D. R o o s e v e l t ,  and o r g a n i z e d  h u n t i n g  
f o r a y s  ( L o u i s  Hickman,  p e r s o n a l  c o m m u n i c a t i o n ,  1 9 8 3 ) .  Both  t h e  Cushmans 
and t h e  J o n e s  f a m i l y ,  who h e l d  t h e  p r o p e r t y  u n t i l  1 9 5 9 ,  engaged  i n  
l i m i t e d  a g r i c u l t u r e  on  t h e  i s l a n d ,  g ro w in g  a l f a l f a ,  r y e ,  and o t h e r  c r o p s  
o v e r  a  l a r g e ,  d i k e d  a r e a  n o r t h  o f  t h e  h o u s e .
The Commonwealth o f  V i r g i n i a  p u r c h a s e d  t h e  i s l a n d  i n  1 9 5 9 ,  and t h e  
V i r g i n i a  C o n m iss io n  o f  Came and I n l a n d  F i s h e r i e s i s  now m a i n t a i n s  i t  a s  a 
w i l d l i f e  management a r e a .  Use o f  t h e  i s l a n d  i s  l i m i t e d  t o  f i s h i n g ,  
s e a s o n a l  h u n t i n g ,  n a t u r e  s t u d y ,  and r e s e a r c h .
C e d a r  I s l a n d  was p a t e n t e d  i n  1681 ( t f h i t e l a w ,  1 9 6 8 ) .  L i t t l e  i s  
known a b o u t  i t s  h i s t o r y  d u r i n g  t h e  s e v e n t e e n t h  and e i g h t e e n t h  c e n t u r i e s ,  
h o w e v e r ,  o t h e r  t h a n  t h e  f a c t  t h a t  i t  was a l m o s t  c e r t a i n l y  u sed  f o r  
f i s h i n g  and h u n t i n g .  A s m a l l  h o t e l  was c o n s t r u c t e d  a t  t h e  n o r t h e r n  end 
o f  t h e  i s l a n d  a t  t h e  end  o f  t h e  n i n e t e e n t h  c e n t u r y ,  f o r  summer 
v a c a t i o n e r s .  E x a c t l y  how long  t h e  h o t e l  was i n  o p e r a t i o n  i s  n o t  known, 
b u t  m o s t  s o u r c e s  a g r e e  t h a t  i t  was gone  by  1933 (G raham,  1 9 7 6 ) .
A f t e r  t h e  Metompkin I n l e t  C o a s t  Guard S t a t i o n  ( f o r m e r l y  l o c a t e d  a t  
t h e  s o u t h e r n  end o f  Metomkin I s l a n d )  was d e s t r o y e d  by  t h e  h u r r i c a n e  o f  
1 9 3 3 ,  a  new s t a t i o n  was c o n s t r u c t e d  on t h e  n o r t h  end o f  C ed a r  I s l a n d .
I t  r e m a in e d  i n  o p e r a t i o n  u n t i l  1963 (Graham,  1 9 7 6 ) .  The s t a t i o n ,  and 
a d j a c e n t  p i e r s  and w a tc h t o w e r s  a r e  s t i l l  i n t a c t  ( S e e  F i g u r e  4 ,  p age  2 6 ) .
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D evelopm ent  p l a n s  f o r  C edar  I s l a n d  w ere  i n i t i a t e d  d u r i n g  t h e  1 9 5 0 ' s  
and numerous  o c e a n f r o n t  b u i l d i n g  s i t e s  were  s o l d ,  b u t  p l a n s  f o r  
c o n s t r u c t i o n  o f  a  h ighw ay  on t h e  i s l a n d  and a b r i d g e  t o  t h e  m a in la n d  
n e v e r  m a t e r i a l i z e d  (Graham,  1 9 7 6 ) .  S e v e r a l  s m a l l  b e a c h  c o t t a g e s  have 
r e m a in e d  i n  u s e  and f i s h i n g  i s  p o p u l a r  a l o n g  t h e  n o r t h e r n  b e a c h e s ,  b u t  
u n t i l  r e c e n t l y  l i t t l e  human a c t i v i t y  has  e x i s t e d  o t h e r w i s e .  Development 
p l a n s  f o r  C e d a r  I s l a n d  h a v e  o nce  a g a i n  b e e n  i n i t i a t e d ,  h o w ev e r ,  and 
num erous  l o t s  f o r  c o n s t r u c t i o n  o f  b e a c h  homes h ave  b e e n  s o l d .  
C o n s i d e r a b l e  c o n t r o v e r s y  c u r r e n t l y  e x i s t s  o v e r  t h e  i s s u e  o f  d e v e lo p m e n t  
on t h e  i s l a n d ,  and h e a r i n g s  a r e  underway  a t  t h e  p r e s e n t  t i m e .
R e v e l  I s l a n d  was u sed  a s  t h e  b a s e  f o r  a  l a r g e  h u n t i n g  c l u b  
b e g i n n i n g  i n  t h e  e a r l y  1 9 0 0 ' s ,  c o n t i n u i n g  u n t i l  t h e  c l u b h o u s e  was b a d l y  
damaged by  t h e  1933 h u r r i c a n e  a l o n g  w i t h  many o t h e r  s t r u c t u r e s  which  had 
b e e n  c o n s t r u c t e d  on  t h e  b a r r i e r  i s l a n d s .  R u ins  o f  t h e  c l u b h o u s e  a r e  
s t i l l  s t a n d i n g ,  a p p r o x i m a t e l y  150 m n o r t h  o f  T r a n s e c t  5 ( S e e  F i g u r e  3 ,  
p a g e  2 4 ) .
Some l i v e s t o c k  g r a z i n g  o c c u r r e d  on  R e v e l  and C ed a r  I s l a n d s ,  b u t  was 
n o t  a s  i n t e n s i v e  a s  t h a t  on  P a r r a m o r e ,  Bog,  Cobb,  S m i t h ,  and Mockhorn 
I s l a n d s  (G raham ,  1 9 7 6 ) .
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Sfifcfiifltipp
Mockhorn I s l a n d
Mockhorn I s l a n d  i s  s h e l t e r e d  f rom  t h e  A t l a n t i c  by  f o u r  b a r r i e r  
i s l a n d s :  Wreck,  S h ip  S h o a l ,  M y r t l e ,  and S m i t h ,  Mockhorn i n c l u d e s  o v e r  
3600 h e c t a r e s  o f  t i d a l  m a r s h  s u r r o u n d e d  by  s a l t  w a t e r  o f  n e a r l y  s ea  
s a l i n i t y .  A s e r i e s  o f  r e l i c  dune  r i d g e s  t r e n d i n g  n o r t h e a s t  t o  s o u th w e s t  
i s  s c a t t e r e d  i n  a l i n e  a l o n g  t h e  w e s t e r n  p o r t i o n  o f  t h e  i s l a n d ,  c o v e r i n g  
a  t o t a l  d i s t a n c e  o f  a p p r o x i m a t e l y  6 . 5  k i l o m e t e r s .  The v e g e t a t i o n  found 
on  t h e s e  r i d g e s  i s  i n t e r e s t i n g  i n  t h a t  i t  a p p e a r s  t o  b e  a t y p i c a l  o f  
m a r i t i m e  f o r e s t  v e g e t a t i o n  i n  s o u t h e a s t e r n  V i r g i n i a .  O v e r s t o r y  i n  
wooded a r e a s  i s  c o m p r i s e d  a l m o s t  e x c l u s i v e l y  o f  r e d  c e d a r  ( J u n i p e r u s  
V i r g i n i a n s ) . L o b l o l l y  p i n e  ( P i n u s  t a e d a ) . l i s t e d  a s  a dom inan t  s p e c i e s  
i n  wooded a r e a s  on C ed a r  and P a r r a m o r e  I s l a n d s  (M c C a f f r e y ,  1976) and on 
A s s a t e a g u e  I s l a n d  ( H i g g i n s  e t  a l . ,  1971) o c c u r s  o n l y  r a r e l y  on  Mockhorn 
w i t h  t h e  e x c e p t i o n  o f  t h e  a r e a  w h ich  was d i s t u r b e d  by  t h e  c o n s t r u c t i o n  
o f  two o b s e r v a t i o n  t o w e r s  i n  t h e  1 9 4 0 ' s .  B ourdeau  and O o s t i n g  (1959)  
o b s e r v e d  on  S m i th  I s l a n d ,  N o r th  C a r o l i n a ,  t h a t  l o b l o l l y  p i n e  was 
r e s t r i c t e d  t o  o p e n i n g s  c r e a t e d  i n  f o r e s t  s t a n d s  i n  t h e  r e c e n t  p a s t ,  
p o s s i b l y  when red  c e d a r s  were  lo g g e d  d u r i n g  t h e  1 9 3 0 ' s .  The p r e s e n c e  o f  
P i n n s  t a e d a  may t h u s  b e  a s s o c i a t e d  w i t h  d i s t u r b a n c e  on Mockhorn.
Yaupon ( H e x  v o m i t o r i a )  i s  t h e  dom inan t  u n d e r s t o r y  s p e c i e s  i n  
wooded a r e a s  on t h e  i s l a n d ,  a  phenomenon w h ich  i s  p a r t i c u l a r l y  
n o t e w o r t h y  as  t h e  l i m i t  o f  i t s  n o r t h e r n  r a n g e  h a s  g e n e r a l l y  b e e n  
c o n s i d e r e d  t o  b e  n e a r  t h e  V i r g i n i a / N o r t h  C a r o l i n a  b o r d e r .  McC aff rey  
(1 9 7 6 )  r e p o r t e d  t h e  o c c u r r e n c e  o f  I l e x  v o t n i t o r i a  a6 f a r  n o r t h  a s  Revel
21
I s l a n d ,  and l i s t e d  i t  a s  an  a b u n d a n t  s p e c i e s  i n  hardwood f o r e s t s  on 
Sm ith  I s l a n d .  I n  b o t h  c a s e s ,  h o w e v e r ,  o t h e r  s p e c i e s ,  i n c l u d i n g  wax 
m y r t l e  ( M v r ic a  c e r i f e r a ) . w ere  do m in a n t  i n  t h e  u n d e r s t o r y .
The n e a r - a b s e n c e  o f  wax m y r t l e  on Mockhorn i s  p u z z l i n g .  I t  was 
o b s e r v e d  i n  o n l y  one  l o c a t i o n  ( a d j a c e n t  t o  t h e  o b s e r v a t i o n  t o w e r B ) , i n  
an a r e a  w h ic h  h a s  b e e n  a f f e c t e d  by  human d i s t u r b a n c e .
T h r e e  t r a n s e c t s  ( T l ,  T 2 , and T9) w ere  e s t a b l i s h e d  on  Mockhorn 
( F i g u r e  2 ) .  Tl and T2 a r e  l o c a t e d  s o u t h  o f  t h e  o b s e r v a t i o n  to w e r s  on 
t h e  e a s t e r n  s h o r e  o f  Magothy Bay .  The s h o r e l i n e  i n  t h i s  a r e a  c o n s i s t s  
o f  s m a l l  p o c k e t  b e a c h e s  b a c k e d  by 3 0 -6 0  cm b a n k s  w h ich  h ave  b e e n  e ro d ed  
away i n  p l a c e s  t o  e x p o s e  s a l t  m a rsh  p e a t .  T y p i c a l  z o n a t i o n  h e r e  
c o n s i s t s  o f  an I v a  f r u t e s t e n s  (M ars h  E l d e r ) / S n a r t i n a  p a t e n t  t r a n s i t i o n  
zone  g r a d i n g  i n t o  a  d e n s e  J u n ip e r u B  v i r g i n i a n a / I l e x  v o m l t o r i a  t h i c k e t ,  
f o l l o w e d  by  more I v a / S .  p a t e n s  . a  b e l t  o f  d e t r i t a l  mat ( S p a r t i n a  
B l t e r n i f l o r a  d e t r i t u s ) ,  and t h e n  an e x p a n s e  o f  s a l t  m a rsh  e x t e n d i n g  
a c r o s s  t h e  r e m a i n d e r  o f  t h e  i s l a n d .  I n  t h e  h i g h  s a l t  m a r s h ,  e x t e n s i v e  
f l a t s  o f  S a l i c P r a i a  b p p .  ( S a l t w o r t )  a r e  i n t e r s p e r s e d  w i t h  s h o r t - f o r m  S .  
f c l t f c r n i i l P E B ,  t o l l i t h l a  ( S e a  O x ey e ) ,  P i B t i g f r l i s  5.1?jgBIB ( S a l t
G r a s s ) ,  and o c c a s i o n a l l y ,  Limoniutn c a r o l  i n i  anna  ( S e a  L a v e n d e r ) .
T r a n s e c t  9 i s  l o c a t e d  on  M o c k h o rn ' s  s o u t h e r n m o s t  e l e v a t e d  r i d g e ,  
a p p r o x i m a t e l y  1 . 2  km n o r t h  o f  an  abandoned  h o u s e  and compound 
c o n s t r u c t e d  d u r i n g  t h e  1 9 2 0 ' s .  A f r i n g i n g  marsh  i s  becom ing  e s t a b l i s h e d  
a l o n g  t h e  s h o r e l i n e  a t  t h i s  l o c a t i o n .  D e t r i t a l  mat d o m i n a t e s  t h e  
b e g i n n i n g  o f  t h i s  t r a n s e c t ,  f o l l o w e d  by  an  I v a / 6 .  p a t e n s  t r a n s i t i o n  zone 
t o  a  n a r r o w  c e d a r  t h i c k e t ,  a  n a r r o w  zone  o f  I v a / S . p a t e n s . more d e t r i t a l  
m a t ,  and f i n a l l y ,  an e x p a n s e  o f  £.. a l t e r n i f l o r a  m a r s h .  S a l i c o r n i a  s p p . 
f l a t s  a r e  a g a i n  p r e v a l e n t  i n  t h e  h i g h  marsh z o n e .
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F i g u r e  2 .  L o c a t i o n s  o f  T r a n s e c t s  1 . 2 ,  and 9
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R e v e l  I s l a n d
R e v e l  I s l a n d  i s  a  s m a l l  i s l a n d  l o c a t e d  j u s t  la ndward  o f  t h e  
s o u t h e r n  t h i r d  o f  P a r r a m o r e  I s l a n d ,  and i s  s e p a r a t e d  from P a r r a m o r e  by a 
t i d a l  c h a n n e l  known as  The Swash.  I t  c o n t a i n s  two l o n g ,  s a n d y  r i d g e s  
( 1 . 3  km and 1 .1  km, r e s p e c t i v e l y )  w hich  c o n v e r g e  n e a r  t h e  n o r t h e r n  end 
o f  t h e  i s l a n d .  These  r i d g e s  a r e  t h o u g h t  by R ic e  e t  a l .  ( 1 9 7 6 )  t o  be 
r e m n a n t s  o f  a n c i e n t  b a r r i e r  i s l a n d s .  The w e s t e r n  r i d g e  i s  i n  l i n e  w i th  
I t a l i a n  R i d g e ,  L i t t l e  B e a c h ,  and o t h e r  r i d g e s  on P a r r a m o r e  I s l a n d ,  and 
t h u s  may r e p r e s e n t  t h e  s o u t h e r n  c o n t i n u a t i o n  o f  a s i n g l e  a n c i e n t  b a r r i e r  
i s l a n d .  The e a s t e r n  r i d g e  on R e v e l  I s l a n d  i s  t h o u g h t  t o  h ave  b e e n  p a r t  
o f  a  s e c o n d ,  y o u n g e r  i s l a n d  e x t e n d i n g  t o  t h e  s o u t h .
The s o u t h e r n  end o f  P a r r a m o r e  I s l a n d  u n d e rw e n t  a  d r a m a t i c  
e l o n g a t i o n  by  s p i t  p r o j e c t i o n  d u r i n g  t h e  p e r i o d  1852-1911  ( R i c e  e t  a l . ,  
1 9 7 6 ) .  The s p i t  g rew  2 . 3  km s o u th w a rd  d u r i n g  t h i s  t i m e ,  e x t e n d i n g  i n t o  
Quinby  I n l e t ,  and s h e l t e r i n g  R eve l  I s l a n d  from t h e  A t l a n t i c .  No b e a c h  
now e x i s t s  on  R e v e l .  I n s t e a d ,  f r i n g i n g  m a rsh  o c c u r s  on t h e  oc e a n  s i d e  
o f  t h e  i s l a n d ,  and b r o a d  s a l t  m a r s h e s  s u r r o u n d  t h e  wooded r i d g e s .
The w e s t e r n  r i d g e  c o n s i s t s  o f  c e d a r  t h i c k e t s  a t  i t s  n o r t h e r n  e n d ,  
g r a d i n g  i n t o  p in e -h a r d w o o d  f o r e s t  a t  i t s  s o u t h e r n  e n d .  The v e g e t a t i v e  
c o m p o s i t i o n  h e r e  i s  s i m i l a r  t o  t h a t  o f  L i t t l e  Beach and I t a l i a n  Ridge on 
P a r r a m o r e  I s l a n d  ( M c C a f f r e y ,  1 9 7 6 ) ,  t h u s  p r o v i d i n g  a d d i t i o n a l  e v i d e n c e  
t h a t  t h e s e  r i d g e s  may h a v e  o nce  b e e n  j o i n e d .
Two t r a n s e c t s  (T3 and T4) w ere  e s t a b l i s h e d  a c r o s s  t h e  w e s t e r n  r i d g e  
( F i g u r e  3 ) .  J u n i p e r u s  v i r g i n i a n a  was p r e v a l e n t  a t  t h i s  s i t e ,  and t e n d e d  
t o  b e  clumped i n  d e n s e  t h i c k e t s ,  i n t e r s p e r s e d  w i t h  s c a t t e r e d  i n d i v i d u a l s  
o f  P i n u s  t a e d a . S e v e r a l  i n d i v i d u a l s  o f  P ru n u s  B e r o t i n a  (W ild  B lack  
C h e r r y )  a l s o  o c c u r r e d  i n  t h i s  a r e a .
F i g u r e  3
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L o c a t i o n s  o f  T r a n s e c t s  3-6  
on  R eve l  I s l a n d
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R e v e l ' s  e a s t e r n  r i d g e  i s  q u i t e  s a n d y .  O v e r s t o r y  c o n s i s t s  
e x c l u s i v e l y  o f  J u n i n e r n s  V i r g i n i a n s . w i t h  s c a t t e r e d  i n d i v i d u a l s  o f  
M v r i c a  p e n s v l v a n i c a  ( B a y b e r r y )  making up t h e  s h ru b  l a y e r .  Woody 
v e g e t a t i o n  g r a d e s  d i r e c t l y  i n t o  s a l t  m a rsh  on t h e  la ndw ard  s i d e  o f  th e  
r i d g e .  E x t e n s i v e  dune  v e g e t a t i o n  o c c u r s  on t h e  seaw ard  s i d e ,  g r a d i n g  
i n t o  h i g h  m a r s h .
Seaward o f  t h i s  r i d g e  t h e r e  a r e  s c a t t e r e d ,  s m a l l  i n d i v i d u a l s  and 
rows o f  j u v e n i l e  Jun ip fe ru s  V i r g i n i a n s  w i t h i n  t h e  s a l t  m a r s h ,  s u g g e s t i n g  
t h a t  sand  a c c r e t i o n  a t  t h i s  l o c a t i o n ,  and t h e  r e l a t i v e l y  p r o t e c t e d  
e n v i r o n m e n t ,  m i g h t  e v e n t u a l l y  l e a d  t o  t h e  d e v e lo p m e n t  o f  an a d d i t i o n a l  
wooded r i d g e  t h r o u g h  s u c c e s s i o n .
Snead B e a c h ,  C ed a r  I s l a n d
Snead B each  i s  an o u t l y i n g  r i d g e  n e a r  t h e  n o r t h e r n  end o f  Cedar 
I s l a n d ,  a p p r o x i m a t e l y  1 . 5  km from t h e  abandoned  C o a s t  Guard s t a t i o n  a t  
Metomkin  I n l e t .  0 v e r 6 t o r y  i s  o v e r w h e lm in g ly  c o m p r i s e d  o f  J u n i p e r u s  
v i r g i n i a n a . b o r d e r e d  b y  M v r ic a  c e r i f e r a  and f r u t e s c e n s . S a l t  marsh  
s u r r o u n d s  t h e  r i d g e .
A l a r g e r  wooded r i d g e ,  w i t h  s i m i l a r  v e g e t a t i o n ,  e x i s t s  a lo n g  t h e  
n o r t h e a s t e r n  s h o r e  o f  t h e  i s l a n d .  Z o n a t i o n  i s  l i k e  t h a t  on  Sneads  
B e a c h ,  b u t  w i t h  t h e  a d d i t i o n  o f  s c a t t e r e d  i n d i v i d u a l s  o f  PrunhB B E r o t i n a  
(W i ld  B la c k  C h e r r y )  i n  t h e  c e n t e r  o f  t h e  t h i c k e t .  M cCaff rey  (1976)  a l s o  
l i s t s  M v r i c a  p c n s v l v a p i c a  and Rhus r s d i c a n s  as  d o m in a n t  s p e c i e s  on t h i s  
r i d g e ,  b u t  t h e y  were  n o t  o b s e r v e d  d u r i n g  t h e  r e c o n n a i s s a n c e  s u r v e y  f o r  
t h i s  s t u d y .
Two t r a n s e c t s  were  e s t a b l i s h e d  on Snead B each ,  a s  i l l u s t r a t e d  in  
F i g u r e  4 .
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F i g u r e  4 L o c a t i o n s  
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METHODS
P r e l i m i n a r y  i n v e s t i g a t i o n s  o f  t h e  v e g e t a t i o n  on Mockhorn I s l a n d  f o r  
t h i s  s t u d y  w ere  c o n d u c t e d  d u r i n g  t h e  s p r i n g  and f a l l  o f  1 9 8 3 .  Emphasis  
was on m a r i t i m e  f o r e s t  and h i g h  m a rsh  c o m m u n i t i e s .  I n  J u l y  o f  1983 a 
r e c o n n a i s s a n c e  s t u d y  o f  t h e  n o r t h e r n  end o f  C ed a r  I s l a n d ,  i n c l u d i n g  
Snead B e a c h ,  was c o n d u c t e d .
T r a n s e c t  s t u d i e s  w ere  begun  i n  November,  1983 and c o m p le te d  i n  May, 
1 9 8 4 .  T h i s  p h a s e  o f  t h e  p r o j e c t  i n v o l v e d  s a m p l i n g  o f  v e g e t a t i o n ,  
m e a s u re m e n t s  o f  r e l a t i v e  e l e v a t i o n ,  and c o l l e c t i o n  o f  s o i l  s a m p l e s .  I n  
t o t a l ,  n i n e  b e l t  t r a n s e c t s  were  e s t a b l i s h e d  a t  t h e  t h r e e  6 tudy  s i t e s  
(Mockhorn  I s l a n d ,  Snead B e a c h ,  and R eve l  I s l a n d ) .  A l l  t r a n s e c t s  were 
o r i e n t e d  p e r p e n d i c u l a r  t o  t h e  r i d g e s  s e l e c t e d  f o r  s t u d y ,  su ch  t h a t  e a c h  
t r a n s e c t  c u t  a c r o s s  e l e v a t i o n a l  z o n e s ,  t r a v e r s i n g  t h e  m a r s h / u p la n d  
t r a n s i t i o n  zone  on  one  o r  b o t h  s i d e s  o f  t h e  r i d g e .  T r a n s e c t s  w ere  10 
m e t e r s  w i d e ,  and v a r i e d  i n  l e n g t h  f rom  40 m e t e r s  t o  140 m e t e r 6 .  
H e a v y w e i g h t ,  n y l o n  l i n e ,  marked a t  10m i n t e r v a l s ,  was used  t o  e s t a b l i s h  
t h e  c e n t e r  l i n e  o f  e a c h  b e l t  t r a n s e c t .
T h r e e  sam p le s  w ere  l o c a t e d  w i t h i n  e a c h  10 x 10m s e c t i o n  o f  t h e  b e l t  
t r a n s e c t .  Random s a m p l in g  o f  v e g e t a t i o n  a l o n g  e a c h  t r a n s e c t  was 
a c c o m p l i s h e d  u s i n g  p a i r s  o f  random n u m b e rs ,  t h e  f i r s t  number i n  e a c h  
p a i r  d e t e r m i n i n g  t h e  d i s t a n c e  t r a v e l e d  a l o n g  t h e  t r a n s e c t  (maximum o f  10 
m ) , and t h e  s econd  number d e t e r m i n i n g  d i s t a n c e  t o  t h e  r i g h t  o r  l e f t  o f  
t h e  c e n t e r  l i n e  (maximum o f  5 m, w i t h  e v e n  numbers  d e n o t i n g  d i s t a n c e  t o
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t h e  r i g h t  and odd numbers  d i s t a n c e  t o  t h e  l e f t ) .  H e rbaceous
2v e g e t a t i o n  was sam pled  i n  1 . 0  m q u a d r a t s ,  u s i n g  p e r c e n t - c o v e r  e s t i m a t e s
f o r  e a c h  s p e c i e s .  N o tes  w ere  made r e g a r d i n g  t h e  p e r c e n t  c o v e r  o f  sh rub
2
s p e c i e s  w i t h i n  e a c h  1 . 0 m  q u a d r a t  as  w e l l ,  c o m p r i s i n g  a  second  l a y e r .
When o v e r s t o r y  c o m p r i s e d  a t h i r d  l a y e r ,  i t  was sampled w i t h i n  5m x 
5m p l o t s .  I n  e a c h  p l o t  a  s tem  c o u n t  was made t o  d e t e r m i n e  s p e c i e s  
d e n s i t i e s .  C i r c u m f e r e n c e  a t  b r e a s t  h e i g h t  ( 1 . 5  m) was r e c o r d e d  f o r  each  
i n d i v i d u a l  i n  t h e  p l o t ,  t h e n  c o n v e r t e d  t o  t h e  d i a m e t e r  o f  a c i r c l e  
h a v i n g  t h e  same c i r c u m f e r e n c e .  I n  t h i s  w ay ,  s tem  c o u n t s  c o u l d  be 
r e c o r d e d  by  dbh ( d i a m e t e r  a t  b r e a s t  h e i g h t )  c l a s s e s .
Whi le  v e g e t a t i o n  s a m p l i n g  was b e i n g  c o n d u c t e d ,  t h e  e l e v a t i o n  a t  
e a c h  q u a d r a t  l o c a t i o n  was d e t e r m i n e d  u s i n g  a  Nikon l e v e l  and f i b e r g l a s s  
s t a d i a  r o d .  I n i t i a l l y ,  e l e v a t i o n  m e a su re m e n t s  a l o n g  e a c h  t r a n s e c t  were 
r e f e r e n c e d  t o  t h e  t r a n s e c t  end s t a k e s  a n d ,  where  p o s s i b l e ,  were  a l s o  
r e f e r e n c e d  t o  a p e r m a n e n t  m a rk e r  o r  s t r u c t u r e  l o c a t e d  a t  t h e  s i t e .
A s u r f a c e  s o i l  s a m p le  ( t o p  15 cm) was c o l l e c t e d  w i t h i n  e v e r y  t h i r d  
q u a d r a t  ( i . e . ,  o n e  sam ple  w i t h i n  e v e r y  10m x 10m s e c t i o n  o f  e a c h  
t r a n s e c t ) .  S u r f a c e  l i t t e r  was r em oved ,  t h e n  e a c h  sam ple  was t h o r o u g h l y  
b l e n d e d ,  p a c k a g e d ,  and fo r w a r d e d  t o  t h e  S o i l  T e s t i n g  and P l a n t  A n a l y s i s  
L a b o r a t o r y  a t  t h e  V i r g i n i a  P o l y t e c h n i c  I n s t i t u t e  and S t a t e  U n i v e r s i t y  
f o r  a n a l y s i s .  S t a n d a r d  m e thods  w ere  u sed  t o  d e t e r m i n e  pH, s o l u b l e  
s a l t s ,  and c o n c e n t r a t i o n s  o f  c a l c i u m ,  magnes ium ,  p o t a s s i u m ,  p h o s p h o r u s ,  
and n i t r a t e - n i t r o g e n  i n  e a c h  sam p le  (Donohue and C o t t i e r ,  1 9 8 2 ) .
The f i n a l  p h a s e  o f  f i e l d  work was b egun  i n  November,  1984 and 
c o m p l e t e d  i n  May, 1 9 8 5 .  T h i s  p h a s e  i n v o l v e d  e f f o r t s  t o  r e f e r  t h e  
r e l a t i v e  e l e v a t i o n  m e a su re m e n t s  p r e v i o u s l y  r e c o r d e d  t o  t h e  t i d a l  da tum
29
o f  mean h i g h  w a t e r  (MHW). I n f o r m a t i o n  on t i d a l  b e n c h  marks  i n  t h e  s t u d y  
r e g i o n  was  o b t a i n e d  f rom  t h e  U .S .  Army Corps  o f  E n g i n e e r s ,  N o r f o l k .
On C e d a r  I s l a n d ,  Bench Mark No. 2 ( 1 9 6 2 ) ,  e s t a b l i s h e d  by  t h e  U .S .  
C o a s t  and G e o d e t i c  S u rvey  and l o c a t e d  a d j a c e n t  t o  t h e  Metomkin I n l e t  
C o a s t  Guard S t a t i o n ,  was u s e d  a s  a  r e f e r e n c e .  The MHW da tum  a t  t h i s  
l o c a t i o n  was t r a n s f e r r e d  t o  t h e  end s t a k e s  o f  T r a n s e c t s  7 and 8 a t  Snead 
Beach  b y  means  o f  d o u b l e - r u n  l e v e l i n g .  A wooden s t a k e  was d r i v e n  i n t o  
t h e  m a rs h  a t  e a c h  t u r n i n g  p o i n t  t o  p r o v i d e  a  s t a b l e ,  l e v e l  s u r f a c e  f o r  
p l a c e m e n t  o f  t h e  s t a d i a  r o d .  R e l a t i v e  e l e v a t i o n  m easu re m en ts  a l o n g  t h e  
t r a n s e c t s  were  t h e n  a d j u s t e d  t o  r e f e r  t o  MHW. S i m u l t a n e o u s  t i d e  6 t a f f  
r e a d i n g s  a t  t h e  C o a s t  Guard S t a t i o n  and a t  Snead Beach s u b s t a n t i a t e d  t h e  
e l e v a t i o n  m e a su re m e n t s  o b t a i n e d  by  l e v e l i n g .
At t h e  Mockhorn I s l a n d  s t u d y  s i t e ,  t h e  c l o s e s t  t i d a l  b e n c h  mark was 
1742 B 1 9 8 0 ,  e s t a b l i s h e d  by  t h e  N a t i o n a l  Ocean S e r v i c e  and l o c a t e d  on a 
m a rs h  i s l a n d  i n  u p p e r  Magothy Bay a d j a c e n t  t o  Red Beacon No. 2 4 8 .  As 
t h i s  was  a c r o s s  Magothy Bay f ro m  Mockhorn ,  i n  o r d e r  t o  t r a n s f e r  t h e  MHW 
d a t u m  t o  t h e  t r a n s e c t  end s t a k e s  i t  was n e c e s s a r y  t o  assume a l e v e l  
w a t e r  s u r f a c e .  E v i d e n c e  i n d i c a t e s  t h a t  s u c h  an  a s s u m p t i o n  s h o u ld  n o t  
i n v o l v e  an  e r r o r  o f  more t h a n  1 cm p e r  k i l o m e t e r  ( 0 . 0 5  f o o t  p e r  m i l e )  
a c r o s s  an  open  w a te rw ay  s u c h  a s  Magothy Bay (Boon e t  a l . ,  1 9 7 7 ) .  
T r a n s f e r  o f  t h e  da tum  was a c c o m p l i s h e d  t h r o u g h  s i m u l t a n e o u s  t i d e  s t a f f  
r e a d i n g s  a t  t h r e e  s i t e s :  1)  a d j a c e n t  t o  t h e  t i d a l  b e n c h  m a rk ,  2) 
a d j a c e n t  t o  t r a n s e c t s  1 and 2 ( 2 . 0  km s o u t h e a s t  o f  t h e  b e n c h  m a rk ) ;  and 
3 )  a d j a c e n t  t o  t r a n s e c t  9 ( 3 . 7  km s o u t h e a s t  o f  t h e  b e n c h  m a r k ) .
R e a d i n g s  b e g a n  j u s t  b e f o r e  low t i d e  a t  e a c h  s i t e .  W ater  l e v e l  was 
r e c o r d e d  a t  f i v e - m i n u t e  i n t e r v a l s ,  c o n t i n u i n g  u n t i l  low t i d e  was r e a c h e d  
and t h e  w a t e r  l e v e l  had  b egun  t o  r i s e  a g a i n .  A second  s e t  o f  r e c o r d i n g s
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was made i n  t h e  same m a n n e r ,  j u s t  b e f o r e ,  d u r i n g ,  and a f t e r  th e  
f o l l o w i n g  h i g h  t i d e .  Thus t h e  t i d e  r a n g e  a t  e a c h  s i t e ,  a s  w e l l  a s  h ig h  
and low w a t e r  l e v e l s  f o r  t h e  t i d a l  c y c l e ,  c o u l d  be  d e t e r m i n e d .  High 
w a t e r  a s  r e c o r d e d  on th i B  d a y  was 18 cm ( . 5 9  f t )  above  MHW as  r e c o r d e d  
f o r  t h e  t i d a l  b e n c h  m a rk .  T h i s  v a l u e  was t h e r e f o r e  s u b t r a c t e d  f rom t h e  
h i g h  w a t e r  r e a d i n g s  a t  s i t e s  2 and 3 i n  o r d e r  t o  a p p r o x im a te  MHW a t  
t h o s e  s i t e s .  T h i s  da tum  was t r a n s f e r r e d  t o  t h e  t r a n s e c t  end s t a k e s  
u s i n g  d o u b l e - r u n  l e v e l i n g ,  as  p r e v i o u s l y  d e s c r i b e d ,  and r e l a t i v e  
e l e v a t i o n  m e a s u re m e n t s  w ere  a d j u s t e d  a c c o r d i n g l y .
T h i s  e n a b l e d  a c o m p a r i s o n  o f  c h a n g e s  i n  community c o m p o s i t i o n  w i t h  
e l e v a t i o n  a t  d i f f e r e n t  s i t e s ,  u s i n g  a commonly d e f i n e d  d a t u m .  On Revel  
I s l a n d ,  w he re  t i d a l  b e n c h  mark6 w ere  n o t  a v a i l a b l e ,  o n l y  r e l a t i v e  
e l e v a t i o n  m e a su re m e n t s  w ere  d e t e r m i n e d .  T h es e  m easu rem en ts  h a v e ,  
h o w e v e r ,  b e e n  s c a l e d  t o  r o u g h l y  c o r r e s p o n d  w i t h  a b s o l u t e  e l e v a t i o n  
m e a s u re m e n t s  f rom  o t h e r  s i t e s  f o r  p u r p o s e s  o f  c o m p a r i s o n .
I t  m us t  b e  n o t e d  t h a t  a b s o l u t e  e l e v a t i o n s  as  r e p o r t e d  i n  t h i s  s t u d y  
a r e ,  a t  b e s t ,  e s t i m a t e s ,  and a r e  n o t  i n t e n d e d  t o  b e  i n t e r p r e t e d  
s t r i c t l y .  D e t a i l e d  m e a s u r e m e n t s ,  i n v o l v i n g  i n s t a l l a t i o n  o f  t i d e  g auges  
and r e c o r d i n g  o f  w a t e r  l e v e l s  o v e r  a  minimum o f  30 d a y s ,  would d o u b t l e s s  
h a v e  b e e n  b e n e f i c i a l .  Such an u n d e r t a k i n g  w a s ,  h o w ev e r ,  beyond  t h e  
s c o p e  o f  t h i s  p r o j e c t .  R e l a t i v e  e l e v a t i o n  m e a s u r e m e n t s ,  t h e  p r i m a r y  
f o c u s  o f  t h i s  s t u d y ,  a r e  j u d g e d  t o  b e  a c c u r a t e  w i t h i n  + / -  1 . 5  cm ( 0 . 0 5  
f t ) .
A n a l y s i s  o f  h e r b a c e o u s  v e g e t a t i o n  d a t a  was p e r fo rm e d  by  d e t r e n d e d  
c o r r e s p o n d e n c e  a n a l y s i s  (DCA), u s i n g  t h e  FORTRAN p rog ram  DECORANA o f  t h e  
C o r n e l l  E co lo g y  P rog ram  S e r i e s  ( H i l l ,  1 9 7 9 ) .  DCA has  b e e n  d e s c r i b e d  as 
" t h e  o r d i n a t i o n  method a t  p r e s e n t  f a v o r e d  by t h e  m a j o r i t y  o f  e c o l o g i s t s "
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f o r  n o n l i n e a r  d a t a  ( P i e l o u ,  1 9 8 4 ) .  The t e c h n i q u e  i s  an improved v e r s i o n  
o f  r e c i p r o c a l  a v e r a g i n g  o r d i n a t i o n  w hich  c o r r e c t s  f o r  t h e  " a r c h  e f f e c t "  
commonly o b s e r v e d  w i t h  r e c i p r o c a l  a v e r a g i n g .  The a x e s  g e n e r a t e d  by DCA 
s i m u l t a n e o u s l y  r a n k  s a m p le s  b a s e d  upon  t h e i r  s p e c i e s  c o m p o s i t i o n ,  and 
r a n k  s p e c i e s  b a s e d  upon  t h e  sam p le s  i n  which  t h e y  o c c u r  ( F o r  a 
d i s c u s s i o n  o f  t h e  t e c h n i q u e  o f  a s s i g n i n g  s c o r e s  t o  s p e c i e s  and s a m p l e s ,  
and  p r o d u c i n g  f i n a l  a x i s  s c o r e s ,  s e e  p a g e s  7 1 - 7 3 ) .  The r e s u l t  i s  a  
h i g h l y  e f f e c t i v e  o r d i n a t i o n  w h ic h  c l a r i f i e s  community s t r u c t u r e  and 
r e v e a l s  t r e n d s  i n  s p e c i e s  d i s t r i b u t i o n .
I n i t i a l l y ,  d a t a  f rom  e a c h  r i d g e  a r e a  w ere  o r d i n a t e d  s e p a r a t e l y ,  
w i t h  t h e  f o l l o w i n g  d e s i g n a t i o n s  g i v e n :  MOCK ( T r a n s e c t s  1 ,  2 and 9 -  
Mockhorn I s l a n d ) ,  SEW ( T r a n s e c t s  3 and 4 -  B eve l  I s l a n d ,  w e s t  r i d g e ) ,  
REVE ( T r a n s e c t s  5 and 6 -  R e v e l  I s l a n d ,  e a s t  r i d g e ) ,  and SHEA ( T r a n s e c t s  
7 and 8 -  Snead B e a c h ,  C ed a r  I s l a n d ) .  S u c c e s s i v e  o r d i n a t i o n s  were 
p e r f o r m e d  f o r  e a c h  o f  t h e s e  d a t a  s e t s ,  d u r i n g  w h ich  s a m p le s  w h ich  c a u s e d  
s e v e r e  s kew ing  o f  a x e s  o r  w h ich  w ere  o t h e r w i s e  anom alous  w ere  removed .  
DECORANA i n c l u d e s  an o p t i o n  f o r  d e l e t i o n  o f  unw anted  s a m p l e s .
A d d i t i o n a l l y ,  i t  was d e t e r m i n e d  t h a t  s u b d i v i s i o n  o f  a  b r o a d  "no 
c o v e r ”  c a t e g o r y  ( i n d i c a t i n g  a b s e n c e  o f  h e r b a c e o u s  v e g e t a t i o n )  i n t o  more 
s p e c i f i c  u n i t s  r e s u l t e d  i n  improved i n t e r p r e t a b i l i t y  o f  o r d i n a t i o n s .
The f i v e  " n o  c o v e r "  c a t e g o r i e s  d e s i g n a t e d  a r e  a s  f o l l o w s :  NC-Dry,  NC- 
W et , s a n d ,  d e t r i t a l  m a t ,  and p i n e  n e e d l e s .  Each o f  t h e s e  c a t e g o r i e s  i s  
t r e a t e d  a s  a  " s p e c i e s "  f o r  p u r p o s e s  o f  d a t a  h a n d l i n g  and d i s c u s s i o n .  
F i n a l l y ,  a l l  h e r b a c e o u s  v e g e t a t i o n  d a t a  was combined  i n t o  a  s i n g l e  d a t a  
s e t  s o  t h a t  a  summary o r d i n a t i o n ,  VALL, c o u l d  b e  p e r f o r m e d .
The S t a t i s t i c a l  P a c k a g e  f o r  t h e  S o c i a l  S c i e n c e s  (SPSS) was u s e d  t o  
g r a p h  o r d i n a t i o n  a x e s .  The P e a r s o n  p ro d u c t -m o m e n t  c o e f f i c i e n t  o f
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c o r r e l a t i o n  was t h e n  u sed  t o  t e s t  f o r  s i g n i f i c a n t  c o r r e l a t i o n s  be tw een  
e n v i r o n m e n t a l  p a r a m e t e r s  m easu red  and t h e  o r d i n a t i o n  a x e s .  VALL and 
e a c h  o f  t h e  o t h e r  f o u r  o r d i n a t i o n s  were  t r e a t e d  s e p a r a t e l y .  R e s u l t s  
w e re  g r a p h e d  u s i n g  SPSS. I n  o r d e r  t o  i n v e s t i g a t e  p o t e n t i a l  n o n - l i n e a r  
r e l a t i o n s h i p s  b e tw e e n  e n v i r o n m e n t a l  p a r a m e t e r s  and s p e c i e s  d i s t r i b u t i o n ,  
c a r e f u l  e x a m i n a t i o n  was made o f  s c a t t e r g r a m s  p l o t t i n g  o r d i n a t i o n  s c o r e s  
a g a i n s t  i n d i v i d u a l  e n v i r o n m e n t a l  p a r a m e t e r s .  No n o n - l i n e a r  
l e l a t i o n s h i p s  were  a p p a r e n t .
D a t a  on o v e r s t o r y  s p e c i e s ,  and t h e i r  r e l a t i o n s h i p s  t o  e n v i r o n m e n t a l  
p a r a m e t e r s ,  w e re  examined s e p a r a t e l y  t h r o u g h  hand p l o t t i n g  o f  d a t a .
RESULTS
Each  o f  t h e  t h r e e  i s l a n d s  s t u d i e d  h a s  d i s t i n c t i v e  f e a t u r e s  as  f a r  
a s  i t s  v e g e t a t i o n  i s  c o n c e r n e d .  T h ese  d i s t i n c t i o n s  w i l l  become a p p a r e n t  
a s  t h e  i n d i v i d u a l  o r d i n a t i o n s  a r e  d i s c u s s e d .  I t  w i l l  t h e n  b e  p o s s i b l e  
t o  s e e  how t r a n s e c t s  f rom  e a c h  i s l a n d  c o n t r i b u t e  t o  t h e  summary 
o r d i n a t i o n  o f  a l l  v e g e t a t i o n ,  t e rm ed  "VALL". E d ap b ic  f a c t o r s  v a r y  from 
o n e  i s l a n d  t o  a n o t h e r  as  w e l l ,  a s  e n v i r o n m e n t a l  d a t a  and c o r r e l a t i o n s  
w i l l  e x h i b i t .
ORDINATIONS
P l o t s  o f  s am p le  s c o r e s  on t h e  f i r s t  two DCA o r d i n a t i o n  a x e s  
i n d i c a t e  c l e a r  p a t t e r n s  o f  v e g e t a t i o n a l  d i f f e r e n t i a t i o n  f o r  e a c h  o f  t h e  
f i v e  o r d i n a t i o n s  o f  h e r b a c e o u s  v e g e t a t i o n  d a t a  (VALL, MOCK, REW, REVE, 
SNEA).  T h e s e  o r d i n a t i o n s  w i l l  b e  c o n s i d e r e d  one  a t  a  t i m e ,  b e g i n n i n g  
w i t h  t h e  o v e r a l l  o r d i n a t i o n  VALL ( T r a n s e c t s  1 - 9 ,  F i g u r e  5 ) .
vall j Aii_&ert> acssvi _Ye£.e1 at iva)
The m a j o r  s p e c i e s  f rom T r a n s e c t s  1 -9  c a n  b e  e a s i l y  s e p a r a t e d  i n t o  
d i s t i n c t  a r e a s  o f  c o n c e n t r a t i o n  on t h e  p l o t  o f  sample  s c o r e s  f o r  Axes 1 
and 2 .  The a r e a  o f  c o n c e n t r a t i o n  f o r  e a c h  s p e c i e s  has  b e e n  i n d i c a t e d  i n  
F i g u r e  5 .
A x is  1 a c c o u n t s  f o r  89% o f  t h e  v a r i a t i o n  i n  v e g e t a t i o n  d a t a ,  an 
e x t r e m e l y  h i g h  p e r c e n t a g e .  S b a r t i n a  a l t e r n i f l o r a  and t h r e e  s p e c i e s  o f
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F i g u r e  5 ( a  end b ) .  O r d i n a t i o n  Diagram f o r  VALL ( A l l  H e rbaceous
V e g e t a t i o n )
P l o t  o f  o r d i n a t i o n  s c o r e s  on  Axes 1 and 2 .  Each  d o t  r e p r e s e n t s  1 
2
s a m p le  (1 1 . 0 m  q u a d r a t ) .  E n c i r c l e d  a r e a s  d e l i n e a t e  sam ples  i n  which  
t h e  i n d i c a t e d  s p e c i e s  i s  c o n c e n t r a t e d .  E n v i r o n m e n t a l  f a c t o r s  f o r  
w h ich  s i g n i f i c a n t  c o r r e l a t i o n s  w ere  found a r e  i n d i c a t e d  a lo n g  t h e  
a p p r o p r i a t e  a x e s .
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S a l i c o r n i a  o c c u r  a t  one  end o f  t h i s  a x i s ,  w h i l e  Ammophila b r e v i l i e u l a t a  
(A m e r ic a n  Beach  G r a s s )  and sand  a r e  p o s i t i o n e d  a t  t h e  o t h e r  end o f  t h e  
a x i s ,  g p s r t i n a  p a t e n s . P i B t i c h l i s  B t> ica ta . and d e t r i t a l  mat  a r e  
c o n c e n t r a t e d  a t  i n t e r m e d i a t e  p o s i t i o n s  a l o n g  A x is  1 .
The t h r e e  s p e c i e s  o f  S a l i c o r n i a  s e p a r a t e  o u t  a l o n g  A x is  2 ,  w i t h  S,. 
b i ^ e l o v i i . £.. feuronafea. and £ .  v i r e i n i c a  b e i n g  c o n c e n t r a t e d  a t  h i g h ,  
i n t e r m e d i a t e ,  and lo w e r  v a l u e s ,  r e s p e c t i v e l y .  P i B t i c h l i s  B b i c a t a . 
S b a r t i n a  p a t e n s . and d e t r i t a l  mat  a l s o  s e p a r a t e  o u t  a t  h i g h ,
i n t e r m e d i a t e ,  and low v a l u e s ,  r e s p e c t i v e l y ,  a lo n g  A x is  2 .
Of t h e  f i v e  c a t e g o r i e s  o f  " no  c o v e r , "  sand  and d e t r i t a l  mat  have  
a l r e a d y  b e e n  m e n t i o n e d .  No c o v e r - w e t ,  a s  would b e  e x p e c t e d ,  o c c u r s  a t  
t h e  low end o f  A x is  1 ,  o v e r l a p p i n g  w i t h  S a l i c o r n i a  b i e e l o v i i . S a l i c o r n i a  
e u r O b a e a . and S p a r t i n a  a l t e r n i f l o r a . No c o v e r - d r y  i s  c o n c e n t r a t e d  a t  
i n t e r m e d i a t e  v a l u e s  a l o n g  A x is  1 and h i g h  v a l u e s  a l o n g  A x is  2 ,  a d j a c e n t  
t o  t h e  a r e a  o f  c o n c e n t r a t i o n  f o r  P i B t i c h l i s  B P i c a t a . T h e r e  a r e  f o u r  
o u t l i e r s ,  h o w e v e r ,  w i t h  p e r c e n t - c o v e r  v a l u e s  r a n g i n g  f rom 30 -  5 0 1 .
T h ese  s a m p le s  a r e  l o c a t e d  on t h e  d i a g r a m  i n  t h e  a r e a  o f  c o n c e n t r a t i o n  o f
Spatt-iaa catena.
I n  n i n e  s a m p l e s ,  p i n e  n e e d l e s  c o m p r i s e  more t h a n  251 o f  t h e  t o t a l  
c o v e r .  T h e s e  sam p le s  a r e  l o c a t e d  on t h e  d i a g r a m  e n t i r e l y  w i t h i n  t h e  
a r e a  o f  c o n c e n t r a t i o n  f o r  S p a r t i n a  p a t e n s .  The m a j o r i t y  o f  t h e  samples  
c o n t a i n i n g  p i n e  n e e d l e s  a r e  f rom T r a n s e c t  4 ,  on R eve l  I s l a n d ' s  w e s t e r n  
r i d g e .  T h i s  r i d g e  i n c l u d e s  a s t a n d  o f  P i o u s  t a e d a  a t  i t s  s o u t h e r n  e n d ,  
w i t h  s c a t t e r e d  i n d i v i d u a l s  o c c u r r i n g  f u r t h e r  n o r t h .
Samples  i n  w h ich  F e s t u c a  r n b r a  ( F e s c u e )  i s  i m p o r t a n t  do  n o t  f a l l
i n t o  a  d i s c r e t e  g r o u p i n g  on t h e  p l o t  o f  Axes 1 and 2 .  These  sam p les  d o ,
h o w e v e r ,  o c c u r  w i t h i n  a c e r t a i n  r a n g e  o f  s c o r e s  on  A x is  1 ,  as  i n d i c a t e d
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by  t h e  r a n g e  l i n e  on F i g u r e  5 .  F e s t u c a  r u b r a  i s  a l s o  c o n f i n e d  t o  
s a m p l e s  w i t h  i n t e r m e d i a t e  s c o r e s  on A x is  2 ,  o c c u r r i n g  i n  c o m b i n a t i o n  
w i t h  6 £ s r £ i n s  Ptt tEOf.  p i n e  n e e d l e s ,  and A am gph i la  t > m i l l f c Q l f l t & .
Tva f r u t e s c e n s  i s  a  v e r y  common and w id e s p r e a d  s p e c i e s  i n  t h e  
m a r s h / u p l a n d s  t r a n s i t i o n  z o n e ,  and o c c u r s  i n  35% o f  a l l  sam p les  t a k e n  in  
t h i s  s t u d y .  Samples  w i t h  i n t e r m e d i a t e  s c o r e s  a l o n g  A x is  1 c o n t a i n  t h e  
h i g h e s t  p e r c e n t - c o v e r  v a l u e s  f o r  Tva f t h t f e B c e n s . b u t  Tvs o c c u r s  a t  h i g h  
p e r c e n t - c o v e r  v a l u e s  i n  s a m p le s  d i s t r i b u t e d  a l l  a l o n g  A x is  2 ,  i n  
c o m b i n a t i o n  w i t h  P j f l t i C h l i B  f ifci taifl . ,  g p & r t i t t a  and d e t r i t a l  m a t .
A r e a s  o f  c o n c e n t r a t i o n  f o r  t h e  m a j o r  s p e c i e s  i n  T r a n s e c t s  1 ,  2 and 
9 a r e  i n d i c a t e d  i n  F i g u r e  6 .  I n  t h i s  c a s e ,  s am p le  s c o r e s  on Axes 1 and 
3 h a v e  b e e n  p l o t t e d .  A x i s  1 a c c o u n t s  f o r  95% o f  t h e  v a r i a t i o n  in  
v e g e t a t i o n  d a t a ,  and A x is  3 a c c o u n t s  f o r  23%. A x is  3 was d e p i c t e d  
r a t h e r  t h a n  A x is  2 f o r  t h e  f i n a l  o r d i n a t i o n ,  a s  s am p le s  i n  w hich  
Sn 'H cot - t i i a  »t>. a r e  i m p o r t a n t  a r e  g rouped  t o g e t h e r  a l o n g  t h i s  a x i s .  A x is  
3 a l s o  p r o v i d e s  a  b e t t e r  g r o u p i n g  o f  s a m p l e s  c o n t a i n i n g  more t h a n  30% 
S p a r t i n a  a l t e m l f l o r a . T h es e  sam p le s  a r e  s p r e a d  o u t  a l o n g  A x is  2 i n  a 
manner  w h ic h  i s  i n c o n s i s t e n t  w i t h  t h e  t r e a t m e n t  o f  s uch  sam p les  i n  o t h e r  
o r d i n a t i o n s .
Samples  t a k e n  on Mockhorn I s l a n d  d id  n o t  c o n t a i n  Atntnnphila 
b r e v i l i f r n l a t a . p i n e  n e e d l e s ,  o r  s i g n i f i c a n t  q u a n t i t i e s  o f  sand  ( tw o  
8a n d - d o m i n a t e d  sam p le s  were  d e l e t e d  f rom  t h e  o r d i n a t i o n  a6 t h e y  skewed 
r e s u l t s ) .  A x i s  1 o f  F i g u r e  6 may t h e r e f o r e  b e  t h o u g h t  o f  as  
r e p r e s e n t i n g  a " s t r e t c h i n g , "  o r  s p r e a d i n g  o u t ,  o f  t h e  l e f t  p o r t i o n  o f  
A x is  1 f rom F i g u r e  5 (VALL).  The a r e a s  o f  s p e c i e s  c o n c e n t r a t i o n
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F i g u r e  6 ( a  and b ) .  O r d i n a t i o n  Diagram f o r  MOCK (Mockhorn I s l a n d )
P l o t  o f  o r d i n a t i o n  s c o r e s  on Axes 1 and 3 .  Each d o t  r e p r e s e n t s  1 
2
s am ple  (1 1 . 0 m  q u a d r a t ) .  E n c i r c l e d  a r e a s  d e l i n e a t e  sam p les  i n  which  
t h e  i n d i c a t e d  s p e c i e s  i s  c o n c e n t r a t e d .  E n v i r o n m e n t a l  f a c t o r s  f o r  which 
s i g n i f i c a n t  c o r r e l a t i o n s  were  found a r e  i n d i c a t e d  a l o n g  t h e  a p p r o p r i a t e  
a x e s .
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d e p i c t e d  i n  F i g u r e  6 a r e  a r r a n g e d  i n  e s s e n t i a l l y  t h e  same manner a long  
A x is  1 a s  t h o s e  f o r  t h e  same s p e c i e s  i n  t h e  VALL o r d i n a t i o n ,  c o n s i d e r i n g  
t h i s  " s t r e t c h i n g "  e f f e c t .  One n o t a b l e  e x c e p t i o n  t o  t h i s  i s  t h e  
p o s i t i o n i n g  o f  s am p le s  d o m i n a t e d  by d e t r i t a l  mat  a t  t h e  f a r  l e f t  o f  Axi6 
1 i n  t h e  MOCK o r d i n a t i o n .  I n  t h e  VALL o r d i n a t i o n ,  su ch  sam p le s  had 
s c o r e s  i n  t h e  same r a n g e  as  s a m p l e s  d o m in a te d  by  S b a r t l h a  p a t e n s  o r  
Bifi t ic ,fal ls .  s p i t a t a .
A x is  3 o f  t h e  MOCK o r d i n a t i o n  p r o v i d e s  a somewhat d i f f e r e n t  
a r r a n g e m e n t  o f  a r e a s  o f  s p e c i e s  c o n c e n t r a t i o n  t h a n  A x is  2 o f  t h e  VALL 
o r d i n a t i o n .  MOCK i n c l u d e s  o n l y  one sam p le  d o m in a te d  by  S a l i t o r n l a  
v i r p i n i c a . and t h i s  s a m p le  i s  g i v e n  t h e  h i g h e s t  s c o r e  on  A x is  3 .  In  
c o n t r a s t ,  t h e  a r e a s  o f  s p e c i e s  c o n c e n t r a t i o n  f o r  S a l i c n r n i a  b l g e l o v i i . 
S a l i L g J f l l f l  fcHr&EflSfl. and P j g l i s h l i g  gpicas.f i a r e  a t  i n t e r m e d i a t e  r a t h e r  
t h a n  h i g h  p o s i t i o n s  on  A x is  3 .
T h r e e  s a m p l e s  c o n t a i n i n g  more t h a n  222 g p r r i c h i a  f tu t f e s t f en s  a r e  
i n d i c a t e d  i n  F i g u r e  6 .  Each  o f  t h e s e  sam p le s  a l s o  c o n t a i n s  more t h a n  
202  S f l U s p r n i B  M f c t l g y i i  a n d / o r  S a i l s  P r a i a  t m & L n e a -  l s a .  l i u t e a c a a s  
o c c u r r e d  i n  a s s o c i a t i o n  w i t h  a l l  s p e c i e s  e x c e p t  S p a r t i f a a  a l t e r n i f l o r a  
and  S a l i c o m i a  b p .  . a t  b o t h  en d s  o f  A x is  1 and a t  low t o  i n t e r m e d i a t e  
v a l u e s  on A x i s  3 .
R E v w , .$ R e y . E i . i g i a a 3 .  w e s t  Flflfaa)
The o r d i n a t i o n  f o r  REVW ( T r a n s e c t s  3 and 4 ,  on R eve l  I s l a n d ' s  w es t  
r i d g e )  p r o d u c e d  e s s e n t i a l l y  t h e  same a r r a n g e m e n t  o f  a r e a s  o f  s p e c i e s  
c o n c e n t r a t i o n  a l o n g  Axes 1 and 2 as  VALL, w i t h  t h e  a d d i t i o n  o f  M v r i t a  
c e r i f e r a  a t  t h e  f a r  end o f  A x is  1 ( s e e  F i g u r e  7 ) .  As i n  MOCK, Ammpphila 
b r e v i l i f r u l a t a  and sand a r e  n o t  p r e s e n t .
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F i g u r e  7 .  O r d i n a t i o n  D iagram  f o r  REVW ( R e v e l  I s l a n d ,  V e s t  Ridge)
P l o t  o f  o r d i n a t i o n  a c o r e s  on  Axes 1 and 2 .  Each d o t  r e p r e s e n t s  1
2
sam p le  (1 1*0 to q u a d r a t ) .  E n c i r c l e d  a r e a s  d e l i n e a t e  s a m p l e s  i n  which 
t h e  i n d i c a t e d  s p e c i e s  i s  c o n c e n t r a t e d .  E n v i r o n m e n t a l  f a c t o r s  f o r  which 
s i g n i f i c a n t  c o r r e l a t i o n s  w ere  found a r e  i n d i c a t e d  a l o n g  t h e  a p p r o p r i a t e  
a x e s .
>
40
%
N
2  » I * V
>
Ui
_J
UI
t
X
<
4
ac
co
CO
RE
VW
 
- 
TR
A
N
SE
C
TS
 
3 
AN
D 
4
40
The o n l y  s i g n i f i c a n t  ch a n g e  i n  o v e r a l l  p a t t e r n  i s  t h e  p l a c e m e n t  o f
No C o v e r -D ry  a t  t h e  lo w e r  end o f  A x is  2 r a t h e r  t h a n  a t  t h e  u p p e r  end as
i n  VALL. T h i s  i s  d u e  t o  t h e  p r e s e n c e  o f  o n e  sample  i n  REVW w hich
c o n t a i n s  50Z d e t r i t a l  mat  and 50Z No C o v e r - D r y .  The o t h e r  s am p le s  
c o n t a i n i n g  more t h a n  20Z No C o v e r -D ry  o v e r l a p  w i t h  g p a r t i h B  p a t e n B -  
d o m i n a te d  s a m p l e s  and p i n e  n e e d l e s ,  a s  i n  VALL.
I v a  f r u t e g c e n s  o c c u r s  w i t h  a l l  s p e c i e s  e x c e p t  M v r i t a  t e r i f e r a  and 
p i n e  n e e d l e s .
1EVE • ( R e v e l  I s l a n d s  E a s t '  R idge )
F i g u r e  8 d e p i c t s  a r e a s  o f  s p e c i e s  c o n c e n t r a t i o n  on Axes 1 and 2 o f  
t h e  REVE o r d i n a t i o n  ( T r a n s e c t s  5 and 6 ,  o n  R eve l  I s l a n d ' s  e a s t e r n  
r i d g e ) .  T h i s  a r r a n g e m e n t  c l o s e l y  r e s e m b l e s  t h a t  i n  t h e  VALL o r d i n a t i o n ,  
w i t h  t h e  a b s e n c e  o f  S a l i c o m i a  b p .  Nine o f  t h e  e l e v e n  s a n d - d o m i n a te d  
s a m p l e s  and a l l  s am p le s  c o n t a i n i n g  more t h a n  30Z Aftrtnnnhx i a  b r e v i l i g u l a t a  
i n  t h e  VALL o r d i n a t i o n  a r e  f rom T r a n s e c t s  5 and 6 .
The a r e a  o f  c o n c e n t r a t i o n  f o r  P i B t i c h l i B  B P i t a t & i s  low er  on  A x is  2 
i n  t h e  REVE o r d i n a t i o n  t h a n  i t  i s  i n  t h e  VALL o r d i n a t i o n .  T h i s  i s  
p r o b a b l y  d u e  t o  t h e  f a c t  t h a t  t h e r e  a r e  few sam p le s  i n  T r a n s e c t s  5 and 6 
w i t h  a  h i g h  p e r c e n t - c o v e r  o f  &. B P i t a t a .
REVE i s  u n i q u e  among t h e  f i v e  o r d i n a t i o n s  p e r f o r m e d  i n  t h a t  sam p les  
c o n t a i n i n g  I v a  f r u t e s c e n B  a r e  c o n f i n e d  t o  a v e r y  n a r r o w  r a n g e  o f  s c o r e s  
a l o n g  A x is  1 ,  a s  i n d i c a t e d  i n  F i g u r e  8 .
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F i g u r e  8 .  O r d i n a t i o n  Diagram f o r  REVE ( R e v e l  I s l a n d ,  E a s t  Ridge)
P l o t  o f  o r d i n a t i o n  s c o r e s  on Axes 1 and 2 .  Each  d o t  r e p r e s e n t s  1 s am ple
2
(1  1 . 0  ■ q u a d r a t ) .  E n c i r c l e d  a r e a s  d e l i n e a t e  s am p le s  i n  w hich  t h e  
i n d i c a t e d  s p e c i e s  i s  c o n c e n t r a t e d .  E n v i r o n m e n t a l  f a c t o r s  f o r  w hich  
s i g n i f i c a n t  c o r r e l a t i o n s  were  found a r e  i n d i c a t e d  a l o n g  t h e  a p p r o p r i a t e  
a x e s .
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Sffg*-'..lgpfeafl' y w f r i . c c a w
Samples  i n  t h e  SNEA o r d i n a t i o n  ( T r a n s e c t s  7 and 8 ,  Snead Beach)  a r e  
a r r a n g e d  a l o n g  A x is  1 i n  e s s e n t i a l l y  t h e  same manner  a s  i n  t h e  VALL 
o r d i n a t i o n .  Samples d o m i n a t e d  by  S n a r t i n a  a l t e m i f l o r a  h a v e  h i g h e r  
s c o r e s  on A x is  2 i n  t h e  SNEA o r d i n a t i o n  t h a n  i n  t h e  o r d i n a t i o n  f o r  VALL, 
p a r a m e t e r s h o w e v e r .  As c a n  be  s e e n  i n  F i g u r e  9 ,  t h e  a r e a  o f  
c o n c e n t r a t i o n  f o r  6 t > a r t i n a  a l t e r n i f l o r a  i s  h i g h e r  t h a n  t h o s e  f o r  
S a l i c o r o i a  e u r o p a e a  and No Cover -Wet i n  t h e  SNEA o r d i n a t i o n .  T h i s  was 
a l s o  t r u e  i n  t h e  MOCK o r d i n a t i o n ,  y e t  i n  t h e  l a t t e r  c a s e  sam ples  
d o m i n a t e d  b y  D i s t i c h l i a  B P i c a t a  had i n t e r m e d i a t e  r a t h e r  t h a n  h i g h  s c o r e s  
on A x is  2 .
I v a  f r u t e s c e n s  o c c u r r e d  i n  sam p le s  w i t h  a  wide  r a n g e  o f  v a l u e s  on 
b o t h  Axes 1 and 2 ,  i n  c o m b i n a t i o n  w i t h  a l l  s p e c i e s  e x c e p t  S o a r t i n a
B l t e r a i l l p r a  and D j g t i c h l i s  a t i c a t a -
I t  c a n  t h u s  b e  s e e n  t h a t  w h i l e  m ino r  v a r i a t i o n s  i n  p a t t e r n  o c c u r r e d  
from one  o r d i n a t i o n  t o  t h e  n e x t ,  t h e  o v e r a l l  a r r a n g e m e n t  o f  s a m p l e s  was 
q u i t e  c o n s i s t e n t .  I t  i s  p o s s i b l e  t h a t  a t  l e a s t  some o f  t h e  v a r i a t i o n  
w h ich  d i d  o c c u r  may b e  a t t r i b u t e d  t o  d i f f e r e n c e s  i n  t h e  number o f  
s a m p l e s  i n  e a c h  o r d i n a t i o n  i n  w h ich  a g i v e n  s p e c i e s  i s  i m p o r t a n t .
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F i g u r e  9 .  O r d i n a t i o n  Diagram f o r  SNEA (S nead  B e a c h ,  C ed a r  I s l a n d )
P l o t  o f  o r d i n a t i o n  s c o r e s  on Axes 1 and 2 .  Each d o t  r e p r e s e n t s  1 sample 
2
(1 1 . 0 m  q u a d r a t ) .  E n c i r c l e d  a r e a s  d e l i n e a t e  s am p le s  i n  which  t h e  
i n d i c a t e d  s p e c i e s  i s  c o n c e n t r a t e d .  E n v i r o n m e n t a l  f a c t o r s  f o r  which  
s i g n i f i c a n t  c o r r e l a t i o n s  w ere  found a r e  i n d i c a t e d  a l o n g  t h e  a p p r o p r i a t e  
a x e s .
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CORRELATIONS
A summary o f  c o r r e l a t i o n s  b e tw e e n  o r d i n a t i o n  a x e s  and e n v i r o n m e n t a l  
v a r i a b l e s  f o r  e a c h  o f  t h e  f i v e  o r d i n a t i o n s  p e r f o r m e d  i s  p r e s e n t e d  in  
T a b le  1 .  I n  e a c h  c a s e  t h e  P e a r s o n  p ro d u c t -m o m e n t  c o e f f i c i e n t  o f  
c o r r e l a t i o n  i s  g i v e n ,  f o l l o w e d  by an i n d i c a t i o n  o f  t h e  s i g n i f i c a n c e  o f  
t h e  c o r r e l a t i o n  c o e f f i c i e n t .  I n  a d d i t i o n  t o  t h i s ,  v a r i a b l e s  f o r  w hich  
s i g n i f i c a n t  c o r r e l a t i o n s  w ere  d e t e r m i n e d  a r e  i n d i c a t e d  on e a c h  
o r d i n a t i o n  d i a g r a m  ( F i g u r e s  5 - 9 )  a l o n g  t h e  a p p r o p r i a t e  a x e s .
C o r r e l a t i o n  c o e f f i c i e n t s  c a l c u l a t e d  i n  t h i s  manner  i n d i c a t e  l i n e a r  
r e l a t i o n s h i p s  b e t w e e n  sample  s c o r e s  on a g i v e n  a x i s  and v a l u e s  o f  
e n v i r o n m e n t a l  v a r i a b l e s .  I n  o r d e r  t o  i n v e s t i g a t e  p o t e n t i a l  n o n l i n e a r  
r e l a t i o n s h i p s ,  s c a t t e r  d i a g ra m s  o f  a x i s  s c o r e s  v e r s u s  v a l u e s  o f  
e n v i r o n m e n t a l  v a r i a b l e s  w ere  e x a m in e d .  No n o n l i n e a r  r e l a t i o n s h i p s  were 
a p p a r e n t .
VALL ( A l l  H e rb aceo u s  V e g e t a t i o n )
A x is  1 o f  t h e  VALL o r d i n a t i o n  i s  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  
s e v e r a l  e n v i r o n m e n t a l  v a r i a b l e s  a t  t h e  .001 l e v e l ,  i n d i c a t i n g  a s t r o n g  
r e l a t i o n s h i p  b e t w e e n  community s t r u c t u r e  and c e r t a i n  e n v i r o n m e n t a l  
v a r i a b l e s .  T h e r e  i s  a p o s i t i v e  c o r r e l a t i o n  w i t h  e l e v a t i o n ,  and n e g a t i v e  
c o r r e l a t i o n s  w i t h  p h o s p h o r u s ,  p o t a s s i u m ,  magnesium,  and s o l u b l e  s a l t s .
I n  e a c h  o f  t h e  o t h e r  f o u r  o r d i n a t i o n s  p e r f o r m e d ,  s am ple  s c o r e s  a long  
A x is  1 w ere  a l s o  found t o  h ave  a h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n  w i t h  
e l e v a t i o n .  C o r r e l a t i o n s  w i t h  o t h e r  e n v i r o n m e n t a l  v a r i a b l e s  v a r y  from 
one  o r d i n a t i o n  t o  t h e  n e x t ,  a s  i n d i c a t e d  i n  T a b l e  1 .  The l a c k  o f  
s i g n i f i c a n c e  o f  c e r t a i n  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  t h e  l a t t e r  f o u r  
o r d i n a t i o n s  may b e  a t t r i b u t a b l e ,  a t  l e a s t  i n  p a r t ,  t o  s m a l l  s am p le  s i z e .
TABLE 1
CORRELATIONS BETWEEN ORDINATION AXES AND 
ENVIRONMENTAL VARIABLES
ELEV PH P K CA MG SS N03
VALL
W w B  W W W  W W W  p
AXIS 1 0 . 7 5  0 . 0 6 *  - 0 . 4 0  - 0 . 4 5  0 . 0 6 *  - 0 . 4 0  " 0 . 3 4 * *  - 0 . 0 5 “
AXIS 2 0 . 0 8  - 0 . 2 2  0 . 0 4  0 . 0 5  0 . 2 3  0 . 0 5  0 . 2 7  -0 .10®
MOCK
AXIS 1 0 . 4 7 *  - 0 . 4 8  - 0 . 0 5  0 . 1 3  0 . 4 4  0 . 0 1  ° * 43* ----- *
AXIS 3 - 0 . 3 8  - 0 . 2 7  0 . 2 5  0 . 1 9  0 .0 1  - 0 . 0 1  0 . 3 4
REVW
AXIS 1 0 . 8 2 ^ * * - 0 . 1 4  - 0 . 1 7  - 0 . 6 5 * *  - 0 . 2 6   b - 0 . 6 1 *  - 0 . 1 2
AXIS 2 - 0 . 6 2  - 0 . 2 8  0 . 4 0  0 . 3 6  0 . 0 5    0 . 3 0  0 .11
REVE
It t^ t^ 1c It
AXIS 1 0 . 8 0  0 . 0 5  - 0 . 4 7  - 0 . 6 3  - 0 . 2 2  - 0 . 5 6  - 0 . 5 4  - 0 . 5 8
AXIS 2 0 . 1 3  - 0 . 0 9  0 . 0 2  0 .0 7  0 . 3 2  - 0 . 0 1  - 0 . 2 6  - 0 . 2 4
SNEA
AXIS 1 0 . 7 7 * * * - 0 .01 - 0 . 5 3 *  - 0 . 1 0  0 . 4 7 C  b - 0 . 4 6 d 0 .5 9 *
AXIS 2 - 0 . 0 3  0 . 2 7  0 . 0 4  - 0 . 0 4  - 0 . 1 5    - 0 . 1 2  - 0 . 0 5
***  C o r r e l a t i o n  c o e f f i c i e n t  s i g n i f i c a n t  ( p < 0 . 0 0 1 )
**  C o r r e l a t i o n  c o e f f i c i e n t  s i g n i f i c a n t  ( p < 0 . 0 1 )
* C o r r e l a t i o n  c o e f f i c i e n t  s i g n i f i c a n t  ( p < 0 . 0 5 )
a N03 d e t e r m i n a t i o n s  were  n o t  made f o r  MOCK sam ples
b C o e f f i c i e n t  c o u l d  n o t  be  computed  ( a l l  v a l u e s  were  i d e n t i c a l )  
c p = 0 .051
d p = 0 .0 5 9
45
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Axis  2 o f  t h e  VALL o r d i n a t i o n  i s  p o s i t i v e l y  c o r r e l a t e d  w i t h  c a l c i u m  
and s o l u b l e  s a l t s ,  and n e g a t i v e l y  c o r r e l a t e d  w i t h  pH.
By c l o s e l y  ex a m in in g  t h e  a r r a n g e m e n t  o f  s am p le s  i n  t h e  o r d i n a t i o n ,  
t h e  a r r a n g e m e n t  o f  a r e a s  o f  s p e c i e s  c o n c e n t r a t i o n ,  and c o r r e l a t i o n s  
b e t w e e n  o r d i n a t i o n  a x e s  and e n v i r o n m e n t a l  v a r i a b l e s ,  one  c a n  d i s c o v e r  
i m p o r t a n t  i n f o r m a t i o n  n o t  o n l y  a b o u t  t h e  s t r u c t u r e  o f  t h e  community 
b e i n g  i n v e s t i g a t e d  b u t  a b o u t  r e l a t i o n s h i p s  b e t w e e n  i n d i v i d u a l  s p e c i e s  
and e n v i r o n m e n t a l  v a r i a b l e s .
T a b l e  2 p r o v i d e s  a  summary o f  t h e  minimum, maximum, and mean v a l u e  
d e t e r m i n e d  f o r  e a c h  e n v i r o n m e n t a l  v a r i a b l e ,  w i t h i n  t h e  a r e a  o f  
c o n c e n t r a t i o n  f o r  e a c h  m a j o r  s p e c i e s  i n  VALL. These  v a l u e s  h e l p  t o  
i l l u m i n a t e  s p e c i e s - e n v i r o n m e n t  and c o m m u n i ty - e n v i ro n m e n t  r e l a t i o n s h i p s .  
I t  must  be  k e p t  i n  mind t h a t  s o i l  sam p les  w ere  t a k e n  a t  e v e r y  t h i r d  
v e g e t a t i o n  s a m p l in g  s t a t i o n ,  and t h e r e f o r e  a p p r o x i m a t e l y  o n e - t h i r d  o f  
a l l  v e g e t a t i o n  sam p le s  have  s o i l  d a t a  a s s o c i a t e d  w i t h  them.
In  a d d i t i o n  t o  t h e  o b v i o u s  e l e v a t i o n  g r a d i e n t ,  an i m p o r t a n t  
g r a d i e n t  i n  t h e  c o n c e n t r a t i o n  o f  s o l u b l e  s a l t s  i s  e v i d e n t .  T h i s  i s  t h e  
o n l y  e n v i r o n m e n t a l  f a c t o r  i n  t h i s  s t u d y  w hich  i s  s i g n i f i c a n t l y  
c o r r e l a t e d  b o t h  w i t h  A x is  1 and A x is  2 o f  t h e  VALL o r d i n a t i o n ,  
i n d i c a t i n g  an o b l i q u e  s a l i n i t y  g r a d i e n t  w i t h  h i g h e s t  v a l u e s  i n  t h e  u p p e r  
l e f t  on t h e  o r d i n a t i o n  d i a g r a m  and lo w e s t  v a l u e s  i n  t h e  low er  r i g h t  
c o r n e r  ( s e e  F i g u r e  5 ,  p age  3 4 ) .  S a l i t o r n i a  b i f e e l o v i i  i s  a s s o c i a t e d  w i t h  
t h e  h i g h e s t  a v e r a g e  c o n c e n t r a t i o n  o f  s o l u b l e  s a l t s  (17058  ppm) ,  f o l l o w e d  
c l o s e l y  by  P i B t i c h l i s  B p i c a t a  (16128  ppm).  A t  t h e  o t h e r  end o f  t h e  
g r a d i e n t  a r e  Ammophila b r e v i l i e u l a t a  and s a n d ,  w i t h  an  a v e r a g e  o f  263 
ppm and 759 ppm, r e s p e c t i v e l y .
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A number o f  s p e c i e s  w ere  found  g row ing  i n  s o i l s  w i t h  w i d e l y  
d i f f e r i n g  c o n c e n t r a t i o n s  o f  s o l u b l e  s a l t s .  A n o t a b l e  example  o f  t h i s  i s  
S b a r t i a a  p a t e n s . found t o  h ave  a  p e r c e n t - c o v e r  v a l u e  g r e a t e r  t h a n  40% i n  
s o i l s  w i t h  s o l u b l e  s a l t s  c o n c e n t r a t i o n s  r a n g i n g  f rom 102-25548  ppm.
T h i s  i l l u s t r a t e s  t h e  w ide  t o l e r a n c e  o f  S .  p a t e n B . w h ich  i s  i m p o r t a n t  n o t  
o n l y  i n  t h e  h i g h  m arsh  zone  b u t  a l s o  on s e c o n d a r y  d u n e s  and as  
h e r b a c e o u s  c o v e r  i n  t h e  m a r i t i m e  f o r e s t .  S i m i l a r l y ,  v e g e t a t i o n  samples  
i n  w h ich  I v a  f ru t f eB te t i s  had a p e r c e n t - c o v e r  v a l u e  g r e a t e r  t h a n  40% were 
a s s o c i a t e d  w i t h  s o i l s  c o n t a i n i n g  627-21760  ppm s o l u b l e  s a l t s .  A ga in  
t h i s  i s  a  r e f l e c t i o n  o f  t h e  v a r i e t y  o f  s e t t i n g s  i n  w h ich  I v a  f r u t e s c e n s  
i s  i m p o r t a n t ;  n o t  o n l y  i n  t h e  m a r s h / u p l a n d s  t r a n s i t i o n  z o n e ,  b u t  i n  t h e  
c a s e  o f  Mockhorn I s l a n d ,  w i t h i n  t h e  m a r i t i m e  f o r e s t  as  w e l l .
The c o r r e l a t i o n s  w i t h  magnesium and p o t a s s i u m  a l o n g  Axis  1 a r e  due 
t o  t h e  f a c t  t h a t  sand ( a n d  t h e  sand  which  s u p p o r t s  Ammophila 
b r e v l l i f r t r l a t a ) has  much low er  c o n c e n t r a t i o n s  o f  t h e s e  n u t r i e n t s  t h a n  any 
o f  t h e  o t h e r  s o i l  s a m p l e s  t a k e n .  Sand i s  a l s o  low i n  p h o s p h o r u s ,  b u t  i n  
t h i s  c a s e  t h e  t r a n s i t i o n  f rom low p h o s p h o r u s  c o n c e n t r a t i o n s  a t  t h e  u p p e r  
end o f  A x is  1 t o  h i g h  c o n c e n t r a t i o n s  a t  t h e  lo w e r  end o f  A x is  1 i s  a 
more  g r a d u a l  one  ( s e e  T a b l e  2 ) .
Samples  d o m i n a t e d  by d e t r i t a l  mat  ( a v e r a g i n g  469  ppm c a l c i u m )  
p r o v i d e  an e x c e p t i o n  t o  t h e  g e n e r a l  g r a d i e n t  i n  c a l c i u m  c o n c e n t r a t i o n  
a l o n g  A x is  2 .  Once a g a i n ,  s a n d - d o m i n a t e d  sam p le s  and t h o s e  i n  which 
Atnmophila b r e v i l i g u l a t a  i s  i m p o r t a n t  have  t h e  l o w e s t  v a l u e s  f o r  t h i s  
n u t r i e n t .
S o i l s  i n  w hich  D j s t i c h l i s  B b i c a t a - d o m in a ted  sam p le s  o c c u r  h ave  t h e  
h i g h e s t  a v e r a g e  c a l c i u m  c o n c e n t r a t i o n ,  and t h e  l o w e s t  a v e r a g e  pH. The 
r a n g e  o f  a v e r a g e  pH v a l u e s  f o r  a l l  m a jo r  s p e c i e s  i s  q u i t e  s m a l l ,  from
49
5 . 7  f o r  P i s t i c h l i s  B D ic a t a  t o  6 . 5  f o r  b o t h  S p a r t i n a  a ' l t e r n i f l o r a  and 
sand  .
C e r t a i n  r e s u l t s  c o n c e r n i n g  r e l a t i o n s h i p s  b e tw e e n  an i n d i v i d u a l  
s p e c i e s  and an  i n d i v i d u a l  e n v i r o n m e n t a l  v a r i a b l e  a r e  w o r t h  n o t i n g .  Fou r  
o f  t h e  f i v e  sam p le s  d o m in a te d  by  P i B t i c h i i s  B P i c a t a  were  found w i t h i n  a 
n a r r o w  r a n g e  o f  e l e v a t i o n s  b e t w e e n  4 2 . 7 - 5 2 . 7  cm above MHW. The 
e l e v a t i o n a l  r a n g e  o b s e r v e d  f o r  t h e  t h r e e  s am p le s  c o n t a i n i n g  g r e a t e r  t h a n  
20Z S a l i c o r n i a  b i e e l p v i i  was e x t r e m e l y  n a r r o w :  3 0 . 2 - 3 0 . 8  cm above  MHW. 
These  s a m p l e s  a l s o  had a  n a r r o w  pH r a n g e ,  f rom 5 . 9 - 6 . 2 .  Both  o f  t h e  
sa m p l e s  c o n t a i n i n g  g r e a t e r  t h a n  151 S a l i c o r n i a  v i r e i n i c a  had a pH o f  
6 . 1 ,  i n d i c a t i n g  t h a t  t h e r e  may be  a s i g n i f i c a n t  r e l a t i o n s h i p  b e t w e e n  pH 
and S a l i c
Seven o f  e i g h t  s a m p l e s  d o m i n a t e d  by  d e t r i t a l  mat  had n i t r a t e  
c o n c e n t r a t i o n s  b e t w e e n  23 and 55 ppm. Only one  sam p le  p roved  t o  be  an 
e x c e p t i o n  t o  t h i s ,  w i t h  a n i t r a t e  c o n c e n t r a t i o n  o f  140 ppm.
MOCK (Mockhorn I s l a n d )
A x is  1 o f  t h e  MOCK o r d i n a t i o n  i s  p o s i t i v e l y  c o r r e l a t e d  w i t h  
e l e v a t i o n ,  a s  was t h e  c a s e  f o r  VALL. The p o s i t i o n i n g  o f  sam p les  
d o m i n a t e d  by  d e t r i t a l  mat  a t  t h e  low end o f  A x is  1 ,  h o w e v e r ,  c a u s e s  them 
t o  r e p r e s e n t  an e x c e p t i o n  t o  t h e  g e n e r a l  t r e n d  i n  e l e v a t i o n  a l o n g  Axis  
1 .  T a b l e  3 p r o v i d e s  a summary o f  minimum, maximum, and mean v a l u e s  f o r  
e a c h  e n v i r o n m e n t a l  v a r i a b l e ,  w i t h i n  t h e  a r e a  o f  c o n c e n t r a t i o n  f o r  eac h  
m a jo r  s p e c i e s .  A x is  3 i s  n e g a t i v e l y  c o r r e l a t e d  w i t h  e l e v a t i o n .  T h i s  
i l l u s t r a t e s  t h e  e l e v a t i o n  g r a d i e n t  w h ich  e x i s t s  b e g i n n i n g  w i t h  
S a l i c o r n i a  v i r e i n i c a  and S p a r t i n a  a i t e r n i f l o r a  and p r o c e e d i n g  upward t o  
6 a l i c o r n i a  b i g e l o v i i  and S .  e u r o p a e a . and t h e n  t o  d e t r i t a l  m a t .  A verage
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e l e v a t i o n s  f o r  D i s t i c h l i s  s p i c a t a  and S p a r t i n a  p a t e n s  a r e  c l o s e  t o  t h a t  
f o r  d e t r i t a l  m a t ,  and t h u s  t h e  p o s i t i o n  o f  t h e  a r e a s  o f  c o n c e n t r a t i o n  o f  
t h e s e  two s p e c i e s  a l o n g  A x is  3 r e p r e s e n t s  a  s l i g h t  e x c e p t i o n  t o  t h e  
e l e v a t i o n a l  t r e n d  o b s e r v e d .
A x is  1 i s  p o s i t i v e l y  c o r r e l a t e d  w i t h  c a l c i u m ,  w i t h  S p a r t i n a  p a t e n s  
and D i s t i c h l i s  s p i c a t a  b e i n g  a s s o c i a t e d  w i t h  t h e  h i g h e s t  a v e r a g e  c a l c i u m  
c o n c e n t r a t i o n s ,  and S p a r t i n a  a i t e r n i f i o r a  and S a l i c o r n i a  v i r & i n i c a  
a s s o c i a t e d  w i t h  t h e  l o w e s t .
The n e g a t i v e  c o r r e l a t i o n  b e t w e e n  A x is  1 and pH i s  s t r e n g t h e n e d  by 
t h e  low a v e r a g e  pH ( 5 . 3 )  o f  s a m p l e s  t a k e n  i n  q u a d r a t s  w i t h  more t h a n  302 
No C o v e r - D r y .  At t h e  o t h e r  end o f  t h e  pH g r a d i e n t  a r e  s am p le s  t a k e n  in  
a r e a s  d o m in a te d  by d e t r i t a l  mat  ( a v e r a g e  pH 6 . 3 ) .  A v erage  pH v a l u e s  
a s s o c i a t e d  w i t h  o t h e r  s p e c i e s  a r e  r a t h e r  u n i f o r m ,  r a n g i n g  f rom  5 . 8 - 6 . 1 .
The g r a d i e n t  i n  c o n c e n t r a t i o n  o f  s o l u b l e  s a l t s  a l o n g  A x is  1 h o l d s  
t r u e  f o r  a l l  a r e a s  o f  s p e c i e s  c o n c e n t r a t i o n  e x c e p t  S a l i c o r n i a  b i g a l o v i i  
and  £ .  e u r o p a e a . T h ese  s p e c i e s  a r e  a s s o c i a t e d  w i t h  much h i g h e r  
c o n c e n t r a t i o n s  o f  s o l u b l e  s a l t s  t h a n  any o t h e r  s p e c i e s  (>17000 ppm) ,  b u t  
t h e r e  a r e  o n l y  f o u r  s u c h  s a m p l e s .  A x i s  3 i s  a l s o  p o s i t i v e l y  c o r r e l a t e d  
w i t h  s o l u b l e  s a l t s ,  y e t  t h i s  r e l a t i o n s h i p  i s  l e s s  o b v i o u s .  I t  i s  l i k e l y  
t o  b e  s t r o n g l y  i n f l u e n c e d  by  t h e  low a v e r a g e  s o l u b l e  s a l t s  c o n c e n t r a t i o n  
(5053 ppm) f o r  d e t r i t a l  m a t - d o m i n a t e d  s a m p l e s .
As was t h e  c a s e  w i t h  VALL, s a m p l e s  i n  w hich  S p a r t i n a  p a t e n s  and I v a  
f r u t e s c e n s  a r e  i m p o r t a n t  a r e  a s s o c i a t e d  w i t h  w i d e l y  v a r y i n g  
c o n c e n t r a t i o n s  o f  s o l u b l e  s a l t s .
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REVW ( R e v e l  I s l a n d ,  West R idge)
I n  c o n s i d e r i n g  t h e  c o r r e l a t i o n s  b e tw e e n  REVW o r d i n a t i o n  a x e s  and 
e n v i r o n m e n t a l  v a r i a b l e s ,  i t  m us t  be  k e p t  i n  mind t h a t  i n  t h i s  c a s e  t h e r e  
i s  no e n v i r o n m e n t a l  d a t a  a s s o c i a t e d  w i t h  sam p le s  c o n t a i n i n g  more t h a n  
40% S p a r t i n a  a l t e m i f l o r a . T h i s  i s  6 im ply  a c h a n c e  e v e n t ,  c a u s e d  by  t h e  
s y s t e m a t i c a l l y  random l o c a t i o n  o f  s o i l  s am p le s  a t  e v e r y  t h i r d  v e g e t a t i o n  
s a m p l i n g  p o i n t .  S a l i c o r n i a  B p . w ere  n e a r l y  a b s e n t  from T r a n s e c t s  3 and 
4 a s  w e l l ,  and t h e r e f o r e  t h e  REVW o r d i n a t i o n  may be  t h o u g h t  o f  as  an 
e x p a n s i o n  a l o n g  A x is  1 o f  t h e  c e n t r a l  p o r t i o n  o f  t h e  VALL o r d i n a t i o n  
( s e e  F i g u r e s  5 and 7 ) .
A summary o f  e n v i r o n m e n t a l  d a t a  f o r  REVW i s  p r e s e n t e d  i n  T a b l e  4 .  
A x is  1 o f  t h e  REVW o r d i n a t i o n  i 6  p o s i t i v e l y  c o r r e l a t e d  w i t h  e l e v a t i o n ,  
a s  i s  t h e  c a s e  f o r  e a c h  o f  t h e  o t h e r  o r d i n a t i o n s  p e r f o r m e d .  T h i s  i s  t h e  
o n l y  o r d i n a t i o n  i n  w h ich  M v r ic a  c e r i f e r a  a p p e a r s ,  and i t s  l o c a t i o n  
w i t h i n  t h e  a r e a  o f  c o n c e n t r a t i o n  f o r  p i n e  n e e d l e s  c a n  b e  n o t e d .  A x is  2 
i s  n e g a t i v e l y  c o r r e l a t e d  w i t h  e l e v a t i o n ,  a s  was t h e  c a s e  f o r  A x is  3 o f  
t h e  MOCK o r d i n a t i o n .  Once a g a i n ,  a s  was t h e  c a s e  f o r  MOCK, two s p e c i e s  
a t  t h e  u p p e r  end o f  A x is  1 ( i n  t h i s  c a s e  M v r i c a  c e r i f e r a  and p i n e  
n e e d l e s )  do n o t  c on fo rm  t o  t h i s  e l e v a t i o n  g r a d i e n t .  They h ave  a v e r a g e  
e l e v a t i o n s  i n  t h e  r a n g e  o f  t h a t  f o r  No C o v e r - D r y .  D e t r i t a l  mat  i s  a l s o  
an e x c e p t i o n  t o  t h e  e l e v a t i o n  g r a d i e n t ,  as  i t s  a v e r a g e  e l e v a t i o n  i s  v e r y  
c l o s e  t o  t h a t  f o r  D i g t l c M i E
A n e g a t i v e  c o r r e l a t i o n  e x i s t s  b e t w e e n  A x is  1 and s o l u b l e  s a l t s ,  as  
was t r u e  f o r  VALL. B o th  M v r ic a  c e r i f e r a  and p i n e  n e e d l e s  a r e  a s s o c i a t e d  
w i t h  v e r y  low c o n c e n t r a t i o n s  o f  s o l u b l e  s a l t s .  The r e l a t i v e l y  low 
a v e r a g e  s o l u b l e  s a l t s  c o n c e n t r a t i o n  a s s o c i a t e d  w i t h  S p a r t i n a  p a t e n s  i n  
T r a n s e c t s  3 and 4 i r  n o t e w o r t h y .  T h i s  i l l u s t r a t e s  t h e  i m p o r t a n c e  o f  S.
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p a t e n s  as  h e r b a c e o u s  c o v e r  i n  t h e  m a r i t i m e  f o r e s t ,  i n  a s s o c i a t i o n  w i th  
M y r i c a  c e r i f e r a , J u p j p e r u p  V i r g i n i a n s . P i n u s  and p i n e  n e e d l e s .
T h e r e  i s  l i t t l e  s a l t  m a rs h  a l o n g  T r a n s e c t s  3 and 4 ,  w i t h  t h e  e x c e p t i o n  
o f  t h e  l a s t  t w e n t y  m e t e r s  o f  T r a n s e c t  4 .
The a v e r a g e  s o l u b l e  s a l t s  c o n c e n t r a t i o n  a s s o c i a t e d  w i t h  D i s t i c h l i s  
B P i c a t a  i s  a l s o  r e l a t i v e l y  low.  A g a i n ,  t h i s  i s  l i k e l y  t o  be  d u e  t o  t h e  
f a c t  t h a t  l i t t l e  s a l t  m a rsh  i s  i n c l u d e d  i n  REVW. D. B P i c a t a  o c c u r s  i n  
c o m b i n a t i o n  w i t h  J>. p a t e n s  a n d / o r  d e t r i t a l  m a t .  The one  sam ple  w i t h  a 
s o l u b l e  s a l t s  c o n c e n t r a t i o n  o f  7680 ppm i s  100% D. B D i c a t a .
The n e g a t i v e  c o r r e l a t i o n  b e t w e e n  A x is  1 and p o t a s s i u m  p a r a l l e l s  
t h a t  f o r  VALL. I n  t h i s  c a s e ,  M v r i c a  c e r i f e r a  and p i n e  n e e d l e s  a r e  
a s s o c i a t e d  w i t h  t h e  l o w e s t  p o t a s s i u m  c o n c e n t r a t i o n s ,  and D i s t i c h l i s  
B P i c a t a  w i t h  t h e  h i g h e s t .  A v e ra g e  p h o s p h o r u s  c o n c e n t r a t i o n s  f o r  REVW 
s a m p l e s  v a r i e d  w i t h i n  a  n a r r o w  r a n g e  o f  13 -19  ppm.
C o n c e rn in g  t h e  e n v i r o n m e n t a l  d a t a  a s s o c i a t e d  w i t h  No C o v e r - D r y ,  i t  
i s  w o r t h  n o t i n g  t h a t  one  o f  t h e  v e g e t a t i o n  sam p le s  c o n s i s t e d  o f  35% No 
C o v e r -D ry  and 652 p i n e  n e e d l e s .  The a s s o c i a t e d  s o i l  s a m p l e ,  t a k e n  a t  an 
e l e v a t i o n  o f  1 0 2 .1  cm above  MHW (27  cm h i g h e r  t h a n  any o t h e r  sample  i n  
REVW), had a pH o f  5 .1  and was low i n  t h e  c o n c e n t r a t i o n  o f  a l l  n u t r i e n t s  
t e s t e d  e x c e p t  m agnes ium .  The o t h e r  v e g e t a t i o n  sample  i n  t h i s  c a t e g o r y  
c o n s i s t e d  o f  25% No C o v e r -D ry  and 75% S p a r t i a a  p a t e n s .
REVE ( R e v e l  I s l a n d ,  E a s t  Ridge)
A x is  1 o f  t h e  REVE o r d i n a t i o n  i s  c o r r e l a t e d  w i t h  t h e  same 
e n v i r o n m e n t a l  v a r i a b l e s  a s  A x is  1 o f  t h e  VALL o r d i n a t i o n ,  w i t h  t h e  
a d d i t i o n  o f  n i t r a t e - n i t r o g e n .  T h i s  may b e  due  t o  t h e  f a c t  t h a t  
Ammo P h i ' l a  b r e v i l i g u ' l a t a  and sand  o c c u r  i n  t h e s e  two o r d i n a t i o n s  and no
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o t h e r s .  A summary o f  e n v i r o n m e n t a l  d a t a  f o r  T r a n s e c t s  5 and 6 i s  
p r e s e n t e d  i n  T a b l e  5 .
S o i l  s a m p l e s  c o m p r i s e d  m o s t l y  o f  s a n d ,  i n c l u d i n g  t h o s e  i n  t h e  a r e a  
o f  c o n c e n t r a t i o n  f o r  AtntnOPhila b r e v i l i g u l a t a . h ave  t h e  l o w e s t  
c o n c e n t r a t i o n s  o f  a l l  n u t r i e n t s  s t u d i e d ,  and t h u s  s e r v e  t o  s t r e n g t h e n  
t h e  g r a d i e n t s  o f  t h e s e  n u t r i e n t s  a l o n g  A x is  1 .  S p a r t i n a  a l t e r n i f l o r a  i s  
a s s o c i a t e d  w i t h  t h e  h i g h e s t  c o n c e n t r a t i o n s  o f  p h o s p h o r u s ,  p o t a s s i u m ,  
magnesium,  and s o l u b l e  s a l t s .  The a v e r a g e  s o l u b l e  s a l t s  c o n c e n t r a t i o n  
a s s o c i a t e d  w i t h  S p a r t i n a  p a t e n s  i 6  r e l a t i v e l y  low (3202 ppm) ,  a s  was t h e  
c a s e  i n  REVW.
The i n f l u e n c e  o f  a  s andy  s u b s t r a t e  i n  r e d u c i n g  n u t r i e n t  
c o n c e n t r a t i o n s  i s  i l l u s t r a t e d  by o n e  sample  w hich  o c c u r s  i n  t h e  a r e a s  o f  
s p e c i e s  c o n c e n t r a t i o n  f o r  b o t h  d e t r i t a l  mat  and Ammophila b r e v l l i g u l a t a . 
T h i s  s a m p l e ,  t a k e n  a t  an e l e v a t i o n  o f  1 0 6 .1  cm above MHW (34  cm h i g h e r  
t h a n  any  o f  t h e  o t h e r  s am p le s  i n  w h ich  d e t r i t a l  mat  i s  i m p o r t a n t ) , has  a 
r e l a t i v e l y  low pH ( 5 . 7 )  and v e r y  low c o n c e n t r a t i o n s  o f  a l l  n u t r i e n t s  
m e a s u r e d .  T h i s  s am ple  t h u s  s e r v e s  t o  skew t h e  a v e r a g e s  f o r  d e t r i t a l  mat 
som ew ha t .
SNEA (Snead  B e a c h ,  C edar  I s l a n d )
A x is  1 o f  t h e  SNEA o r d i n a t i o n  e x h i b i t s  t h e  same c o r r e l a t i o n s  w i t h  
e l e v a t i o n  ( p o s i t i v e )  and p h o s p h o r u s  ( n e g a t i v e )  a s  A x is  1 o f  t h e  VALL 
o r d i n a t i o n .  I n  a d d i t i o n ,  t h i s  a x i s  i s  p o s i t i v e l y  c o r r e l a t e d  w i t h  
n i t r a t e  c o n c e n t r a t i o n .  A summary o f  e n v i r o n m e n t a l  d a t a  i s  p r e s e n t e d  i n  
T a b l e  6 .  A x i s  1 o f  t h e  REVE o r d i n a t i o n  was n e g a t i v e l y  c o r r e l a t e d  w i t h  
n i t r a t e  c o n c e n t r a t i o n ,  a  d i f f e r e n c e  w h ich  i s  i n t r i g u i n g .  The a p p a r e n t
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c o n t r a d i c t i o n  c a n  b e  e x p l a i n e d  by an e x a m i n a t i o n  o f  d i f f e r e n c e s  i n  
n i t r a t e  c o n c e n t r a t i o n s  i n  s o i l  s am p le s  from t h e  two l o c a t i o n s .
F o r  e x a m p le ,  n i t r a t e  v a l u e s  f o r  t h e  s i x  sam p le s  i n  t h e  a r e a  o f  
c o n c e n t r a t i o n  f o r  S p a r t i n a  p a t e n s  i n  REVE r a n g e  f rom 8-33  ppm ( a v e r a g e  
20 ppm) .  The s i x  S .  p a t e n s - d o m i n a t e d  sam p le s  i n  SNEA, on t h e  o t h e r  
h a n d ,  h ave  n i t r a t e  c o n c e n t r a t i o n s  r a n g i n g  f rom 43 -135  ppm ( a v e r a g e  92 
ppm) .  S i m i l a r l y ,  w h i l e  n i t r a t e  v a l u e s  a s s o c i a t e d  w i t h  £.. a l t e r n i f l o r a  
i n  SNEA a v e r a g e  36 ppm, p l a c i n g  t h i s  s p e c i e s  a t  t h e  low end o f  t h e  
n i t r a t e  g r a d i e n t ,  t h e  one  S .  a l t e r n i f l o r a - d o m i n a te d  sample  i n  REVE has  a
n i t r a t e  v a l u e  o f  23 ppm, p l a c i n g  i t  c l o s e  t o  t h e  u p p e r  end o f  t h e
n i t r a t e  g r a d i e n t  f o r  REVE. The low n i t r a t e  c o n c e n t r a t i o n s  o f  v i r t u a l l y
a l l  s o i l  s am p le s  f rom R eve l  I s l a n d ' s  e a s t  r i d g e  a r e  l i k e l y  t o  b e  a
r e f l e c t i o n  o f  t h e  h i g h  san d  c o n t e n t  o f  t h e s e  s a m p l e s .
The c o r r e l a t i o n  c o f f i c i e n t s  f o r  c a l c i u m  ( p = . 0 5 1 )  and s o l u b l e  s a l t s  
( p = - . 0 5 9 )  on A x is  1 w ere  v e r y  c l o s e  t o  b e i n g  s i g n i f i c a n t .  A l a r g e r  
s am p le  s i r e  m ig h t  have  r e s u l t e d  i n  s i g n i f i c a n t  c o r r e l a t i o n s  f o r  t h e s e  
two f a c t o r s .
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WOODED PLOTS
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F o u r  p l o t 6 ,  e a c h  5m x 5m, were  s e t  up a l o n g  T r a n s e c t  1 t o  sample  
t h e  o v e r s t o r y  l a y e r .  A 5 m s e c t i o n  o f  t h e  t r a n s e c t ' s  c e n t e r  l i n e  s e rv e d  
a s  one s i d e  o f  e a c h  o f  t h e s e  p l o t s .  O v e r s t o r y  a t  t h i s  l o c a t i o n  c o n s i s t s  
e n t i r e l y  o f  J u n i P e r u s  v i r g i n i a n a . E i g h t e e n  t r e e s  and two s a p l i n g s  
r a n g i n g  f rom  3 . 5 - 3 2  cm dbh ( d i a m e t e r  a t  b r e a s t  h e i g h t ,  t a k e n  t o  be  1 .5
m) w ere  i n c l u d e d  i n  t h e  f o u r  p l o t s .
I l e x  v o m i t o r i a  i s  do m in a n t  as  u n d e r s t o r y ,  w i t h  i v a  f r u t e B c e n s  
o c c u r r i n g  i n  t h e  more o p e n  a r e a s .  As m e n t io n e d  p r e v i o u s l y ,  t h e  
p r e v a l e n c e  o f  I l e x  v o m i t o r i a  on Mockhorn I s l a n d  i s  an u n u s u a l  and 
i n t r i g u i n g  phenomenon.
S p a r t i n a  p a t e n s  p r e d o m i n a t e s  a s  h e r b a c e o u s  c o v e r  i n  a l l  p l o t s .
P l o t  1 a l s o  c o n t a i n s  s u b s t a n t i a l  am ounts  o f  D i s t i c h l i s  B P i c a t a . how ever .  
Not s u r p r i s i n g l y ,  t h e  s o i l  sample  f rom P l o t  1 c o n t a i n s  t h e  h i g h e s t  
c o n c e n t r a t i o n  o f  s o l u b l e  s a l t s  o f  t h e  f o u r  p l o t s  sam pled  (9600 ppm).
The c o n c e n t r a t i o n s  f o r  P l o t s  2 - 4  a r e  1 2 5 4 ,  5 6 3 ,  and 1254 ppm, 
r e s p e c t i v e l y .  (A c o m p l e t e  summary o f  e n v i r o n m e n t a l  d a t a  f o r  a l l  wooded 
p l o t s  i s  p r e s e n t e d  i n  T a b l e  7 . )
No wooded p l o t s  were  l o c a t e d  a l o n g  T r a n s e c t  2 .  Along T r a n s e c t  9 ,
two c o n t i g u o u s  p l o t s  c o n t a i n i n g  a t o t a l  o f  t h i r t e e n  t r e e s  ( 5 - 1 6  cm dbh)
w ere  s a m p l e d .  A g a i n ,  t h e  o v e r s t o r y  l a y e r  c o n s i s t s  e n t i r e l y  o f  J u n i p e r u s  
v i r g i n i a n a . The u n d e r s t o r y ,  H e k  V D m ito r i a  w i t h  some i v a  f r u t e B c e n s , 
r e s e m b l e s  t h a t  o b s e r v e d  a l o n g  T r a n s e c t  1 .  S p a r t i n a  p a t e n s  o c c u r s  i n  
c o m b i n a t i o n  w i t h  F e s t u c a  rubTa  i n  t h e  h e r b a c e o u s  l a y e r .
TABLE 7
SUMMARY OF ENVIRONMENTAL DATA FOR WOODED PLOTS 
( E x c l u s i v e l y  J u n i p e r u s  v i r g i n i a n a . u n l e s s  o t h e r w i s e  n o t e d . )
PLOT
(
ELEV 
cm above 
MHW)
PH
(ppm)
P
(ppm)
K
(ppm)
CA
(ppm)
MG
(ppm)
SS
(ppm)
N03
(ppm'
T1 P l o t 1 78 6 . 8 16 157 636 120 9600 _ _ _
P l o t 2 55 7 .3 24 157 1200 120 1254 -----
P l o t 3 55 6 . 3 60 157 972 120 563 -----
P l o t 4 54 7 .0 34 157 1020 120 1254 -----
T3 P l o t l a 59 6 . 8 11 122 660 120 627 20
T7 P l o t l h 5 .7 34 157 1140 120 8320 -----
P l o t 2 72 6 .3 35 157 1128 120 9600 -----
P l o t 3 43 5 . 6 28 157 864 120 8960 -----
T8 P l o t 1 66 6 .2 21 157 1164 120 12774 ____
P l o t 2 69 6 . 5 40 157 1104 120 6400 -----
T9 P l o t 1 88 5 . 9 23 157 600 120 1728 ____
P l o t 2 88 6 . 5 20 150 552 120 627 -----
Mean V a lues : 66 6 . 4 29 154 920 120 5142
T h i s  p l o t  a l s o  c o n t a i n e d  two s a p l i n g s  o f  P r u n u s  s e r o t i n a  (3  and 4 cm 
dbh)  and one d ead  P i n u s  t a e d a  (9  cm d b h ) .
b T h i s  p l o t  a l s o  c o n t a i n e d  one I v a  f r u t e s c e n s  (9  cm d b h ) ,  g rowing  as  a 
t r e e .
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O v e r s t o r y  v e g e t a t i o n  on t h e  w e s t  r i d g e  o f  R eve l  I s l a n d  i n c l u d e s  
s c a t t e r e d ,  t a l l  P i n u s  t a e d a  and some PrunUS s e r o t i n a  a s  w e l l  as  
J u n ip e r u B  V i r g i n i a n s . One wooded p l o t  was e s t a b l i s h e d  a l o n g  T r a n s e c t  3 ,  
c o n t a i n i n g  f i v e  t r e e s  ( 5 - 1 4  cm dbh)  and one  s a p l i n g  ( 4  cm dbh)  o f  
J u n ip e r u B  V i r g i n i a n s . two s a p l i n g s  ( 3 - 4  cm dbh)  and one  d ead  t r e e  (6  cm 
d bh)  o f  P ru n u s  s e r o t i n a . and one  dead  P i n o s  t a e d a  (9  cm d b h ) .
S c a t t e r e d ,  l a r g e  s h r u b s  o f  M v r ic a  c e r i f e r a  were  p r e s e n t ,  w i t h  o c c a s i o n a l  
S m i i a x  bonanox ( G re e n  b r i a r ) .  H e rbaceous  c o v e r  was a l m o s t  e x c l u s i v e l y  
g P B I l i n a  P a t e n s .
Along  T r a n s e c t  4 t h r e e  wooded p l o t s  were  e s t a b l i s h e d ,  n e a r  t h e  
b e g i n n i n g ,  m i d d l e ,  and end o f  t h e  t r a n s e c t .  More open  a r e a s  w i t h  
p r i m a r i l y  s h r u b  and h e r b a c e o u s  c o v e r  o c c u r r e d  b e t w e e n  t h e s e  p l o t s .  The 
f i r s t  and s econd  p l o t s  e a c h  i n c l u d e d  one  l a r g e  l o b l o l l y  p i n e  (25  cm and 
26 cm d b h ,  r e s p e c t i v e l y ) ,  w i t h  I v a  f r u t e s c e n B  c o m p r i s i n g  t h e  s h rub  l a y e r  
and S p a r t i n a  p a t e n s  p r e d o m i n a t i n g  a s  h e r b a c e o u s  c o v e r .  The f i r s t  p l o t  
a l s o  i n c l u d e d  p i n e  n e e d l e s  i n  s u b s t a n t i a l  q u a n t i t i e s  as  g round  c o v e r .  
P l o t  3 i n c l u d e d  t h r e e  l i v e  ( 5 - 3 7  cm dbh)  and one dead  ( 5  cm db h )  r ed  
c e d a r .  The d ead  t r e e  was l o c a t e d  a t  t h e  f a r  s i d e  o f  t h e  p l o t ,  c l o s e s t  
t o  t h e  a d j a c e n t  m a r s h .  R i s i n g  s e a  l e v e l  as  e v i d e n c e d  by  e n c r o a c h i n g  
s a l t  m a rsh  i n  t h i s  a r e a  may h ave  r e s u l t e d  i n  i t s  d e a t h .  H erbaceous  
c o v e r  i n  t h i s  p l o t  i n c l u d e d  P i B t i c h l i B  B p i c a t a  a s  w e l l  a s  S p a r t i n a  
P a t e n s . s u g g e s t i n g  a m o d e ra t e  t o  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n  o f  
s o l u b l e  s a l t s  i n  t h e  s o i l .
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Along  t h e  e a s t  r i d g e  on R e v e l  I s l a n d  e x t e n s i v e  dune  v e g e t a t i o n  
o c c u r s .  O v e r s t o r y  i n  t h e  v i c i n i t y  o f  T r a n s e c t s  5 and 6 i s  e x c l u s i v e l y  
• Ju n in e rn s  v i r g i n i a n a . w i t h  s c a t t e r e d  i n d i v i d u a l s  o f  M v r ic a  p e n s v l v a n i c a  
making  up t h e  s h ru b  l a y e r .
F o u r  wooded p l o t s  were  e s t a b l i s h e d  a l o n g  t h e  l a t t e r  h a l f  o f  
T r a n s e c t  5 .  The f i r s t  i n c l u d e d  t h r e e  r e d  c e d a r s  r a n g i n g  f rom 7 - 1 5  cm 
d b h .  The s u b s t r a t e  was v e r y  s a n d y ,  w i t h  o n l y  s c a t t e r e d  p i n e  n e e d l e s  as 
g ro u n d  c o v e r .  The s econd  p l o t  i n c l u d e d  one  l a r g e  r e d  c e d a r ,  38 cm d b h .  
H e rb aceo u s  c o v e r  a t  t h i s  l o c a t i o n  was m o s t l y  Ammophila b r e v i l i g u l a t a . 
w i t h  some F e B tu c a  r u b r a . The t h i r d  and f o u r t h  p l o t s ,  which  w ere  
c o n t i g u o u s ,  i n c l u d e d  e i g h t  r ed  c e d a r s  r a n g i n g  f rom 6 -  14 cm dbh  and one 
s a p l i n g  ( 4  cm d b h ) .  H e rb aceo u s  c o v e r  i n  t h e s e  p l o t s  was p r e d o m i n a n t l y  
S p a r t i n a  p a t e n s . w i t h  s m a l l  amounts o f  Ayminphila b r e v i l i g u l a t a  and
PegtVCB t o b r a .
Two c o n t i g u o u s  p l o t s  a l o n g  T r a n s e c t  6 i n c l u d e d  t h r e e  l a r g e  red  
c e d a r s  ( 1 7 - 3 6  cm d b h ) .  S c a t t e r e d  c lumps  o f  AtnmophilB b r e v i l i f c U ' l a t a  
p r o v i d e d  h e r b a c e o u s  c o v e r  i n  t h e  s a n d y  s u b s t r a t e .  P l o t  1 a l s o  i n c l u d e d  
s m a l l  q u a n t i t i e s  o f  Monarda p u n c t a t a  ( a  m i n t ) ,  Pan ic um BDretum. and 
Lep id iu tn  d e n s i f l o r u t p  ( p e p p e r  g r a s s ,  i n  t h e  M usta rd  f a m i l y ) .
E n v i r o n m e n t a l  d a t a  i s  n o t  a v a i l a b l e  f o r  wooded p l o t s  a lo n g  
T r a n s e c t s  5 and 6 ,  b u t  i t  may b e  presumed from t h e  c o m p o s i t i o n  o f  o t h e r  
s o i l  s a m p l e s  t a k e n  w i t h i n  t h e s e  t r a n s e c t s  t h a t  n u t r i e n t  c o n c e n t r a t i o n s  
a r e  r e l a t i v e l y  low. The o n e  e x c e p t i o n  t o  t h i s  p a t t e r n  may be  c a l c i u m ,  
w h ich  o c c u r s  i n  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n s  (5 5 2 -1 2 0 0  ppm) i n  a l l  
o t h e r  wooded p l o t s  ( s e e  T a b l e  7 ) .  The a v e r a g e  c o n c e n t r a t i o n  o f  c a l c i u m  
i n  wooded p l o t s  i s  920 ppm, w h ich  i s  much h i g h e r  t h a n  t h e  a v e r a g e  v a l u e
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a s s o c i a t e d  w i t h  any s p e c i e s  i n  t h e  h e r b a c e o u s  o r  *hrub  l a y e r s  ( T a b l e  2 ,  
page  4 7 ) .  T h e re  may t h u s  be  a s i g n i f i c a n t  r e l a t i o n s h i p  be tw ee n  
'iPPiPBEPg yir feini f lP f i  and c a l c i u m .
Speafl Pesgh
T h r e e  c o n t i g u o u s  wooded p l o t s  were  e s t a b l i s h e d  a l o n g  T r a n s e c t  7 ,  
f rom t h e  25 m mark t o  t h e  40 m m a rk .  O v e r s t o r y  i n  t h e s e  p l o t s  i s  
e x c l u s i v e l y  r e d  c e d a r ,  w i t h  t h e  e x c e p t i o n  o f  one c a s e  i n  w hich  I v a  
f r u t e B c e n s  was found g row ing  a s  a  t r e e .  The p l o t s  i n c l u d e d  a t o t a l  o f  
22 s tem s  o f  J u n i p e r u s  v i r g i n i a n a . 17 t r e e s  ( 5 -2 1  cm dbh)  and 5 s a p l i n g s  
(2 -4 c m  d b h ) .  S p a r t i n a  p a t e n s  and d e t r i t a l  mat p r o v i d e d  h e r b a c e o u s  and 
g round  c o v e r ,  r e s p e c t i v e l y .  I n  p l o t  t h r e e ,  p i n e  n e e d l e s  w ere  a l s o  
p r e v a l e n t .  ( P in n a  t a e d a  o c c u r s  f u r t h e r  n o r t h  on Snead B e a c h . )
Two c o n t i g u o u s  p l o t s  a l o n g  T r a n s e c t  8 i n c l u d e d  e i g h t  r e d  c e d a r s  
r a n g i n g  i n  d i a m e t e r  f rom  11-23  cm, r e p r e s e n t i n g  a m a tu r e  s t a n d .  
S c a t t e r e d  s h r u b s  o f  i v a  f r u t e s c e n s  o c c u r r e d  as  w e l l ,  w i t h  S p a r t i n a  
p a t e n s  p r e d o m i n a t i n g  as  h e r b a c e o u s  c o v e r .
M y r ic a  c e r i f e r a  was p r e s e n t  a l o n g  b o t h  T r a n s e c t s  7 and 8 ,  b u t  was 
n o t  p r e s e n t  i n  t h e  wooded p l o t s  s a m p l e d .
DISCUSSION
VEGETATION
Each o f  t h e  i s l a n d s  s t u d i e d  ha6 c e r t a i n  d i s t i n c t i v e  f e a t u r e s  which  
s e t  i t  a p a r t  f rom t h e  o t h e r s  i n  t e rm s  o f  i t s  v e g e t a t i o n .  On Mockhom 
I s l a n d ,  wooded r i d g e s  v e g e t a t e d  p r e d o m i n a n t l y  by  Junit>eruB v i r g i n i a n a  
a r e  common, w i t h  Heat  v o m i t o r i a  d o m in a n t  i n  t h e  u n d e r s t o r y .  H e x  
V o m i t p r i a  was n o t  o b s e r v e d  on  C ed a r  o r  R eve l  I s l a n d s ,  a l t h o u g h  i t s  
p r e s e n c e  on Revel  I s l a n d  ha6 b e e n  r e p o r t e d  by  M cCaff rey  ( 1 9 7 6 ) ,  who 
l i s t s  R e v e l  a s  t h e  n o r t h e r n m o s t  i s l a n d  on w h ich  I l e x  v o m i t o r i a  o c c u r s .  
The n e a r - a b s e n c e  o f  M y r ic a  c e r i f e r a  on Mockhorn i s  q u i t e  u n u s u a l .  I t  
a p p e a r s  t h a t  on t h i s  i s l a n d  I l e x  v o m i t o r i a  h a s  assumed t h e  p o s i t i o n  o f  
dom inance  i n  t h e  u n d e r s t o r y  w h ich  i s  commonly o c c u p i e d  by M vr ica  
c e r i f e r a  on  o t h e r  i s l a n d s  i n  t h e  V i r g i n i a  b a r r i e r  i s l a n d  c h a i n .
A n o th e r  d i s t i n c t i v e  f e a t u r e  o f  Mockhorn I s l a n d  i s  t h e  e x t e n t  o f  t h e  
s a l t  f l a t s  w h ich  o c c u r  n e a r  t h e  u p p e r  l i m i t  o f  t h e  s a l t  m a r s h e s .  Th ick  
m a ts  o f  S a l i c o r n i a  s p p .  o c c u r  e a s t  o f  t h e  wooded r i d g e s ,  j u s t  be low  t h e  
w rack  l i n e  where  dead  s t e m s  o f  S p a r t i n a  a l t e r n i f l o r a  a c c u m u la t e  
( " d e t r i t a l  m a t " ) .  S a l i c o r n i a  e u r o o a e a  was t h e  most  common S a l i c o r n i a  
s p e c i e s  i n  T r a n s e c t s  1 , 2  and 9 ,  b u t  §>. v i r g i n i c a  i s  v e r y  a b u n d a n t  on t h e  
i s l a n d  as  w e l l ,  and £ .  b i g e l o v i i  i s  i m p o r t a n t  i n  c e r t a i n  a r e a s .  O th e r  
s p e c i e s  o c c u r r i n g  on t h e  s a l t  f l a t 6 ,  i n t e r m i x e d  w i t h  S a l i c o r n i a . i n c l u d e  
s h o r t - f o r m  S p a r t i n a  a l t e r n i f I o t b . B p r r i c h i a  f r u t e s c e n B , D i s t i c h l i s  
s p i c a t a . and Limonium c a r o l i n i a n u m .
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Each o f  t h e  two r i d g e s  s t u d i e d  on R eve l  I s l a n d  has  f e a t u r e s  which 
s e t  i t  a p a r t  f rom t h e  o t h e r  s t u d y  s i t e s .  The w e s t e r n  r i d g e  i n c l u d e s  
t a l l  t h i c k e t s  o f  J u n i p e r u B  v i r e i n i a n a . w i t h  M v r i c a  c e r i f e r a  and Smilax  
b o n a -n o x  i n  t h e  u n d e r s t o r y .
The e a s t e r n  r i d g e  on R eve l  i s  f a r  s a n d i e r ,  and i n c l u d e s  low dunes  
which  s u p p o r t  t y p i c a l  dune  v e g e t a t i o n  ( AmmPPhila b r e v i l i e u l a t a . S p a r t i n a  
t i t e n a ,  gyaBla linearis ( s e a  B i i t e ) ,  csnchms tribvlPislBE ( s a n d s p u r ) ,  
and M enarda  p u n c t a t a ) . I n  a d d i t i o n ,  s p a r s e  t h i c k e t s  o f  J u n i p e r u s  
v i r g i n i a n a  o c c u r  i n  t h e  v i c i n i t y  o f  T r a n s e c t s  5 and 6 ,  and a s s o c i a t e d  
w i t h  t h e s e  a r e  l a r g e  s h r u b s  o f  M v r ic a  b e n B v l v a n i c a  i n  some p l a c e s .
V e g e t a t i o n  on Snead Beach i n  t h e  v i c i n i t y  o f  T r a n s e c t s  7 and 8 i s  
q u i t e  homogeneous .  P u r e  t h i c k e t s  o f  J u n ip e r u B  v i r s i n i a n a  a r e  s e p a r a t e d  
from t h e  a d j a c e n t  s a l t  m a rsh  by a s h ru b  b o r d e r  o f  I v a  f r u t e s c e n s . w i t h  
S p a r t i n a  p a t e n s  o c c u r r i n g  a s  h e r b a c e o u s  c o v e r  t h r o u g h o u t .
Are  t h e  s i t e s  c h o s e n  f o r  s t u d y  r e p r e s e n t a t i v e  o f  v e g e t a t i o n  on t h e  
V i r g i n i a  b a r r i e r  i s l a n d s ?  I t  a p p e a r s ,  b a s e d  upon  a r e v i e w  o f  o t h e r  
s t u d i e s  c o n d u c t e d  on t h e  i s l a n d s ,  t h a t  t h e  an s w e r  t o  t h i s  q u e s t i o n  i s  
y e s , a l t h o u g h  d i s t i n c t  d i f f e r e n c e s  i n  v e g e t a t i o n  among i s l a n d s  do e x i s t .  
M cC af f rey  (1 9 7 6 )  c o n d u c t e d  a  v e g e t a t i o n  s u r v e y  on  t h i r t e e n  o f  t h e  
i s l a n d s  i n  t h e  V i r g i n i a  b a r r i e r  c h a i n ,  i n c l u d i n g  C edar  and R e v e l .
Though s h e  d i d  n o t  p e r f o r m  q u a n t i t a t i v e  s a m p l i n g ,  h e r  s t u d y  p r o v i d e s  an 
o v e r a l l  p e r s p e c t i v e  on v e g e t a t i o n  i n  t h e  a r e a .  From M c C a f f r e y ' s  s t u d y  
i t  c a n  b e  s e e n  t h a t  o t h e r  i s l a n d s  i n  t h e  c h a i n  a l s o  s u p p o r t  t h e  v a r i o u s  
community  t y p e s  w h ich  w ere  o b s e r v e d  i n  t h i s  s t u d y .
F o r  e x a m p le ,  w h i l e  H e x  v o m i t o r i a  i s  n o t  m e n t io n e d  by C l o v i s  (1968)  
o r  Marsh  ( 1 9 6 9 ) ,  M cC af f r ey  l i s t s  I l e x  v o m i t o r i a  as  an a b u n d a n t  s p e c i e s  
on Smith  I s l a n d ,  a d j a c e n t  t o  Mockhorn .  There  i t  a l s o  o c c u r s  i n  t h e
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u n d e r s t o r y  on wooded r i d g e s ,  most  commmonly i n  a s s o c i a t i o n  w i t h  hardwood 
s p e c i e s  su ch  as M v r ic a  c e r i f c r a . P r u n e s  s e r o t i n a , l l s z .  fiLana. (A mer ican  
H o l l y ) ,  and P e r s e a  b o r b o n i a  (Red Bay) i n  a d d i t i o n  t o  P i n o s  t a e d a  and a 
few J u n i p e r u s  v i r c i n i a n a .
T h i c k e t s  o f  J u n i p e r u s  v i r e i n i a n a . o b s e r v e d  on a l l  t h r e e  i s l a n d s  i n  
t h i s  s t u d y ,  a l s o  o c c u r  on P a r r a m o r e  I s l a n d ,  n e a r  L i t t l e  B e a c h .  On Revel  
and P a r r a m o r e  I s l a n d s ,  P i n u s  t a e d a  o c c a s i o n a l l y  o c c u r s  i n  c o m b i n a t i o n  
w i t h  J u n i p e r u s  v i r g i n i a n a . U n d e r s t o r y  v a r i e s  f rom one  l o c a t i o n  t o  
a n o t h e r ,  b u t  i s  commonly d o m in a te d  by M v r ic a  c e r i f e r a .
Dune v e g e t a t i o n  o c c u r s  on a l m o s t  a l l  o f  t h e  b a r r i e r  i s l a n d s ,  w i t h
Ammophjia b r e v i i i g u i a t a  d o m i n a t i n g .  Spartina pfliaas., fB B t t t t a  rubra,
C e n c h ru s  t r i b u l o i d e B . L ep jd iu m  b p . . and S o l i d a g o  B e a p e r v i r e n s  ( S e a s i d e  
G o ld e n ro d )  a r e  a b u n d a n t  o r  f r e q u e n t .  P a n i c  urn aaa ru tn  ( S h o r t  Dune G r a s s ) ,  
P a n i c  urn (B e a c h  G r a s s ) ,  S a l s o l a  k a l i  ( R u s s i a n  T h i s t l e ) ,  and
C a k i l e  e d e n t u l a  ( S e a  R ocke t )  a r e  common dune  s p e c i e s  w h ich  were  n o t
o b s e r v e d  i n  t h e  t r a n s e c t s  on R e v e l  I s l a n d .
A l l  o f  t h e  i s l a n d s  i n  t h e  V i r g i n i a  b a r r i e r  c h a i n  c o n t a i n  e x p a n s i v e  
s a l t  m a r s h e s ,  a n d  s a l t  f l a t s  o f  v a r i o u s  s i z e s .  I n  s o m e  l o c a t i o n s  p u r e
s t a n d s  o f  S p a r t i n a  a l t e r a i f l o r a  g r a d e  i n t o  t y p i c a l  h i g h  m a r s h  
c o m m u n i t i e s  o f  S p a r t i n a  p a t f e P B  a n d  P i B t i c h l i s  B P i c a t a .  w i t h  o c c a s i o n a l  
L i m o n i u t n  c a r P l i n i a n u i D . B p r r i c h i a  f r u t e s c e n s  . a n d  Salicornia £££• • I n
o t h e r  l o c a t i o n s  S .  a i t e r n i f l o r a  g r a d e s  i n t o  s a l t  f l a t s  v e g e t a t e d  
p r i m a r i l y  b y  S a l i C S T P i f l
D e p o s i t s  o f  d e t r i t a l  mat  a l o n g  t h e  wrack  l i n e  ( " d r i f t  d e p o s i t s "  
a c c o r d i n g  t o  M c C a f f r e y ' s  t e r m i n o l o g y )  a r e  q u i t e  common. M cCaff rey  n o t e s  
t h e  t r a n s i e n t  n a t u r e  o f  t h e s e  d e p o s i t s ,  and t h e  f a c t  t h a t  mud f l a t s  o r
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s a l t  f l a t s  f r e q u e n t l y  o c c u r  i n  l o c a t i o n s  p r e v i o u s l y  o c c u p i e d  by d r i f t  
m a t .
i v a  f r u t e s c e n s  i s  v e r y  common t h r o u g h o u t  t h e  b a r r i e r  i s l a n d s ,  
p r o v i d i n g  a s h rub  b o r d e r  b e tw e e n  m a rs h e s  and wooded a r e a s  a s  w e l l  as  
o c c u r r i n g  i n  s c a t t e r e d  t h i c k e t s ,  o f t e n  w i t h  a d e n s e  g round  c o v e r  o f
spartina nainna..
On t h e  E a s t e r n  S h o r e ,  s e v e r a l  s p e c i e s  r e a c h  o r  a p p r o a c h  t h e  
n o r t h e r n  o r  s o u t h e r n  end o f  t h e i r  r e s p e c t i v e  g e o g r a p h i c  r a n g e s .  Because  
o f  t h i s  f a c t ,  t h e  c o m b i n a t i o n s  o f  s p e c i e s  found on t h e  V i r g i n i a  b a r r i e r  
i s l a n d s  d i f f e r  f rom t h o s e  t y p i c a l  o f  c o a s t a l  v e g e t a t i o n  b o t h  t o  t h e  
n o r t h  and s o u t h  o f  t h e s e  i s l a n d s .
V e g e t a t i o n  on A s s a t e a g u e  I s l a n d ,  l o c a t e d  a t  t h e  M a r y l a n d / V i r g i n i a  
b o r d e r ,  d i f f e r s  i n  s e v e r a l  r e s p e c t s  f rom t h a t  d e s c r i b e d  i n  t h i s  s t u d y ,  
e v e n  th o u g h  A s s a t e a g u e  i s  p a r t  o f  t h e  same c h a i n  o f  i s l a n d s .  C edar  
t h i c k e t s  do n o t  o c c u r  on A s s a t e a g u e ,  a l t h o u g h  im mature  p l a n t s  o f  
J u n i p e r u s  v i r g i n i a n a  a r e  p r e s e n t  ( H i g g i n s ,  1 9 7 1 ) .  P i n e  woodlands  a r e  
p r e v a l e n t  i n s t e a d ,  d o m in a te d  by  P jp a g  £&££&• §E&rt.i tta a l t e r a i l l B i a  i s  
n o t  common on A s s a t e a g u e .  I t  o c c u r s  a s  a  n a r r o w  band on t h e  b a y s i d e  o f  
s a l t  m a r s h e s ,  accom pan ied  by  A t r i p  lest o a t u l a  ( O r a c h ) ,  C a k i l e  e d e n t u l a , 
S a l i c o r n i a  b p p . , and S uaeda  l i n e a r i s  ( S e a  B l i t e ) .  S p B I I i n a  f e f l t S H S  
o c c u r s  i n  p u r e  s t a n d s ,  c o v e r i n g  many a c r e s ,  p r o v i d i n g  t h e  " s a l t  hay"  on 
w h ich  t h e  A s s a t e a g u e  p o n i e s  g r a z e  ( H i g g i n s ,  1 9 7 1 ) .
M a r t i n ' s  ( 1 9 5 9 )  d e s c r i p t i o n  o f  v e g e t a t i v e  c o m m un i t ie s  a t  I s l a n d  
Beach S t a t e  P a r k ,  New J e r s e y  i n d i c a t e s  t h a t  s a l t  m a rs h es  a t  t h a t  
l o c a t i o n  c o n s i s t  m o s t l y  o f  S p a r t i n a  P a t e n s  g r a s s l a n d ,  w i t h  some S p a r t i n a  
a l t e r n i f l o r a  and o c c a s i o n a l  S a l i c D r n i a  ( u s u a l l y  S .  v i r g i n i c a ) .  Low 
t h i c k e t s  o f  RhuB r a d i t b p s , M v r ic a  p e n B V l v a n i c a , P ru n u s  s e r o t i n a . and
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J t i n i n e r u s  v i r g i n i a n a  o c c u r  on  I s l a n d  B e a c h .  The p r e s e n c e  o f  M yr ica  
c e r i f e r a  i s  n o t  r e p o r t e d  h e r e .  T a l l  c e d a r  t h i c k e t s  and c e d a r  woodlands  
o c c u r  as  w e l l ,  w i t h  J u n i p e r u s  v i r g i n i a n a  i n  p u r e  s t a n d s  o r  i n  
c o m b i n a t i o n  w i t h  e i t h e r  P i n u s  r i g i d a  ( P i t c h  P i n e )  o r  I l e x  O Pa ca . P runus  
B e r o t i n a . and A m e l a n c h ie r  c a n a d e n s i s  ( S h a d b u s h ) . J u n ip e ru B  v i r g i n i a n a  
a l s o  o c c u r s  a t  t h e  m a r s h - u p l a n d  b o r d e r ,  i n  c o m b i n a t i o n  w i t h  B acc h a r iB  
h a l i m i f p l i a . M a r t i n  (1 9 5 9 )  d e s c r i b e s  J u p j p e r n s  v i r g i n i a n a  as  t h e  mos t  
a b u n d a n t  t r e e  on I s l a n d  B each .
V e g e t a t i o n  a t  Cape H enry ,  V i r g i n i a  was d e s c r i b e d  by  E g l e r  i n  1942 
i n  h i s  p a p e r  on  S e a s h o r e  S t a t e  P a r k .  The p a r k  i s  l o c a t e d  j u s t  s o u t h  o f  
t h e  mouth o f  t h e  C h esap ea k e  Bay ,  and t h e  i n f l u e n c e  o f  s o u t h e r n  s p e c i e s  
i s  e v i d e n t .  E g l e r  d e s c r i b e s  a  " S a l t - s p r a y  G r a s s l a n d "  ro n e  v e g e t a t e d  by 
a U n i o l a  p a n i c u l a t e  ( S e a  O a ts )  com munity .  U n i o l a  i s  a b s e n t  from t h e  
V i r g i n i a  b a r r i e r  i s l a n d s .  U p i o l a  D a n i c u l a t a ^s r a n g e  o v e r l a p s  w i t h  t h a t  
o f  Ammophila b r e v i l i g u l a t a  i n  s o u t h e r n  V i r g i n i a  and n o r t h e r n  N or th  
C a r o l i n a ,  w i t h  U n i o l a  g r a d u a l l y  r e p l a c i n g  AtntnnnhS 1 a a s  t h e  p r i n c i p a l  
s p e c i e s  on  p r i m a r y  d u n e s  t o  t h e  s o u t h .
The " S a l t - s p r a y  S c ru b "  zone a t  Cape Henry i s  d o m in a te d  by Ouercus  
c i n e r e a  (=Q. i n c a n a . B lue  J a c k  O ak ) ,  a n o t h e r  s o u t h e r n  s p e c i e s ,  w i t h  
Q uercus  v i r g i n i a n a  ( L i v e  Oak) and M v r ic a  p e n s v l v a n i c a  a l s o  l o c a l l y  
common. M v r ic a  c e r i f e r a  i s  n o t  i n c l u d e d  i n  E g l e r ' s  d e s c r i p t i o n s  o f  
S e a s h o r e  S t a t e  P a r k .  I n  t h e  f o r e s t  z o n e ,  p i n e  ( P i n u s  t a e d a  and £.. 
v i r g i n i a n a ) d o m i n a t e s  t h e  s a n d h i l l  f o r e s t s  b o t h  on t h e  seaward  s i d e  and 
on t h e  la ndw ard  s i d e  a d j a c e n t  t o  Back Bay .  The i n t e r v e n i n g  a r e a  i s  
o c c u p i e d  by  v a r i o u s  p i n e - o a k - h i c k o r y  f o r e s t s  ( E g l e r ,  1 9 4 2 ) .
Numerous a u t h o r s  have  d e s c r i b e d  c o a s t a l  v e g e t a t i o n  on t h e  O u te r  
Banks o f  N o r th  C a r o l i n a .  M v r ic a  c e r i f e r a  and I l e x  v o m i t o r i a  o f t e n  o c c u r
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t o g e t h e r  i n  N o r th  C a r o l i n a ,  w i t h  l i v e  oak a common o v e r s t o r y  ( K e a r n e y ,  
1900;  O o s t in g  and B o u rd e a u ,  1959;  B u rk ,  1 9 6 1 ) .  J u n ip e r u B  v i r g i n i a n a  i s  
a l s o  an  i m p o r t a n t  s p e c i e s  i n  some l o c a t i o n s .  P e r s e a  b o T b o n i a . M agno l i a  
V i r g i n i a n a  ( S o u t h e r n  M a g n o l i a ) ,  and P i n u s  t a e d a  a r e  l o c a l l y  common 
( B u r k ,  1961;  A u , 1 9 6 9 ) .  No community s i m i l a r  t o  t h e  m a r i t i m e  l i v e  oak 
f o r e s t  on t h e  O u te r  Banks o c c u r s  on t h e  V i r g i n i a  b a r r i e r  i s l a n d s .
Burk (1961)  a l s o  d e s c r i b e s  t h e  p i n e - o a k - h i c k o r y  f o r e s t  w hich  
d e v e l o p s  on s i t e s  w h ich  a r e  s u f f i c i e n t l y  p r o t e c t e d  f rom s a l t  s p r a y ,  
s i m i l a r  t o  f o r e s t s  d e s c r i b e d  by  E g l e r  (1942 )  a t  Cape H enry .  E x t e n s i v e  
s a l t  m a rs h es  o c c u r  on t h e  sound s i d e  o f  t h e  b a r r i e r  i s l a n d s  i n  N or th  
C a r o l i n a .  SBattlBa all.eiBiflPra and JiiBCBS rPBlner iaPus  form l a r g e  p u r e -  
s p e c i e s  s t a n d s ,  S p a r t i n a  b e i n g  a s s o c i a t e d  w i t h  h i g h e r  s a l i n i t i e s  and 
J u n c u s  w i t h  low er  s a l i n i t i e s .  S p a r t i n a  p a t e n s  i s  found a t  i n t e r m e d i a t e  
s a l i n i t i e s  ( B u r k ,  1 9 6 1 ) .
The C h es ap ea k e  Bay p r e s e n t s  a n a t u r a l  b a r r i e r  l i m i t i n g  t h e  n o r t h e r n  
r a n g e  e x t e n s i o n  o f  many s o u t h e r n  p l a n t s .  D e s p i t e  t h i s  f a c t ,  how ever ,  
M cC af f rey  (1 9 7 6 )  c o n c l u d e d  t h a t  p l a n t  co m m u n i t i e s  on  t h e  V i r g i n i a  
b a r r i e r  i s l a n d s  g e n e r a l l y  e x h i b i t  more s o u t h e r n  t h a n  n o r t h e r n  
c h a r a c t e r i s t i c s .
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ORDINATIONS
S i n c e  i t s  i n t r o d u c t i o n  i n  1 9 7 9 ,  t h e  o r d i n a t i o n  t e c h n i q u e  o f  
d e t r e n d e d  c o r r e s p o n d e n c e  a n a l y s i s ,  o r  DCA ( H i l l ,  1 9 7 9 ) ,  h a s  b e e n  
s t e a d i l y  g a i n i n g  i n  p o p u l a r i t y .  The s u c c e s s  o f  t h i s  t e c h n i q u e  has  been  
d e m o n s t r a t e d  u s i n g  a  wide  v a r i e t y  o f  d a t a  s e t s ,  i n c l u d i n g  d a t a  from many 
d i f f e r e n t  t y p e s  o f  p l a n t  c o m m u n i t i e s  ( H i l l  and Gauch,  1980;  Gauch,
1 9 8 2 ) .  The o r d i n a t i o n s  p e r f o r m e d  f o r  t h e  p r e s e n t  s t u d y  i n c l u d e  d a t a  
f rom  s a l t  m a r s h ,  d u n e ,  and m a r i t i m e  f o r e s t  c o m m u n i t i e s .  DCA as 
p e r f o r m e d  by  t h e  FORTRAN p ro g ra m  DECORANA p ro v e d  t o  be  h i g h l y  s u c c e s s f u l  
i n  s e p a r a t i n g  community t y p e s  and d e l i n e a t i n g  g r a d i e n t s  i n  v e g e t a t i o n a l  
c o m p o s i t i o n .
V a r io u s  o r d i n a t i o n  t e c h n i q u e s  u s e d  i n  v e g e t a t i o n  a n a l y s i s  a t t e m p t  
t o  a r r a n g e  s a m p l e s  o r  s t a n d s  i n  s u c h  a manner t h a t  t h e i r  r e l a t i v e  
p o s i t i o n s  r e f l e c t  t h e i r  s i m i l a r i t i e s .  The a x e s  c o n s t r u c t e d  f rom t h e  
v e g e t a t i o n  d a t a  a r e  o f t e n  i n t e r p r e t e d  i n  t e rm s  o f  p o s s i b l e  e n v i r o n m e n t a l  
c o n t r o l s .  S e v e r a l  o r d i n a t i o n  t e c h n i q u e s ,  i n c l u d i n g  P o l a r  O r d i n a t i o n ,  
P r i n c i p a l  Components A n a l y s i s ,  and R e c i p r o c a l  A v e ra g in g  ( o r  
C o r r e s p o n d e n c e  A n a l y s i s )  h a v e  b e e n  u sed  e x t e n s i v e l y ,  y e t  e a c h  has  
s i g n i f i c a n t  d r a w b a c k s .  P o l a r  O r d i n a t i o n  (B ra y  and C u r t i s ,  1957) 
i n v o l v e s  t h e  s u b j e c t i v e  c h o i c e  o f  e n d - p o i n t  s am p le s  t o  d e f i n e  a 
c o e n o c l i n e  ( v e g e t a t i o n  g r a d i e n t ) ,  t h e n  u s e s  s i m i l a r i t i e s  o f  s am p le s  t o  
t h o s e  e n d p o i n t s  t o  c a l c u l a t e  r e l a t i v e  s am p le  p o s i t i o n s .
P r i n c i p a l  Components A n a l y s i s  (PCA) i n v o l v e s  t h e  a n a l y s i s  o f  a 
c o r r e l a t i o n ,  c o v a r i a n c e  o r  d i s t a n c e  m a t r i x  which  r e f l e c t s  a  l i n e a r  
s t r u c t u r e  o f  t h e  d a t a .  T h i s  a s s u m p t i o n  o f  l i n e a r i t y  f r e q u e n t l y  makes 
PCA u n r e l i a b l e ,  s i n c e  t h e  v e g e t a t i o n  p a r a m e t e r s  ( s u c h  as  p e r c e n t  c o v e r
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o r  b i o m a s s )  g e n e r a l l y  u sed  i n  t h e  a n a l y s e s  a r e  o f t e n  n o n - l i n e a r l y  
d i s t r i b u t e d  a l o n g  e n v i r o n m e n t a l  g r a d i e n t s  ( G u r n e l l  e t  a l . ,  1 9 8 5 ) .
A c c o r d in g  t o  t h e  G a u s s i a n  mode l  o f  community s t r u c t u r e ,  s p e c i e s  
r e s p o n d  i n d i v i d u a l l y  t o  e n v i r o n m e n t a l  g r a d i e n t s .  The r e s p o n s e  o f  any 
one  s p e c i e s  c a n  b e  r e p r e s e n t e d  by  a G a u s s i a n  ( i . e .  n o r m a l ,  b e l l - s h a p e d )  
c u r v e .  T h i s  model  t h u s  h o l d s  t h a t  a  community w i l l  b e  r e p r e s e n t e d  by 
s e v e r a l  o r  many b e l l - s h a p e d  c u r v e s ,  one  f o r  e a c h  s p e c i e s ,  i n  an 
o v e r l a p p i n g  p a t t e r n  ( G u r n e l l  e t  a l . ,  1 9 8 5 ) .  G a u s s i a n  a n a l y s i s  i s  a 
t e c h n i q u e  b a s e d  on t h e  G a u s s i a n  mode l  o f  s p e c i e s  r e s p o n s e ,  w hich  has  
b e e n  u sed  s u c c e s s f u l l y  i n  c o m b i n a t i o n  w i t h  o r d i n a t i o n  methods  t o  
d e m o n s t r a t e  t h e  r e l a t i v e  i m p o r t a n c e  o f  d i f f e r e n t  e n v i r o n m e n t a l  v a r i a b l e s  
i n  i n d i v i d u a l  s p e c i e s  d i s t r i b u t i o n  ( M u l l e r ,  1982;  Westman,  1 9 8 0 ) .  I t s  
u s e f u l n e s s  i s  l i m i t e d ,  h o w e v e r ,  by  i t s  v e r y  d e p e n d e n c e  on t h e  G a u s s i a n  
m o d e l .  The d i s t r i b u t i o n s  o f  s p e c i e s  a l o n g  e n v i r o n m e n t a l  g r a d i e n t s  i n  
n a t u r e  have  f r e q u e n t l y  b e e n  shown t o  be  skew ed ,  b i m o d a l ,  o r  o t h e r w i s e  
a s y m m e t r i c a l  ( A u s t i n ,  1976 ;  Gauch,  1 9 8 2 ) .  I n  a d d i t i o n ,  G a u s s i a n  
a n a l y s i s  i s  u n a b l e  t o  r e l a t e  s am p le s  and s p e c i e s  t o  more t h a n  one  a x i s  
( H i l l  and Gauch,  1 9 8 0 ) .
R e c i p r o c a l  a v e r a g i n g  (RA) i s  a  t h i r d  o r d i n a t i o n  m e thod ,  which  makes 
no a s s u m p t i o n s  r e g a r d i n g  l i n e a r i t y  o f  s p e c i e s  d i s t r i b u t i o n s .  The 
t e c h n i q u e  has  b e e n  a p p l i e d  t o  a wide  v a r i e t y  o f  d a t a  s e t s .  RA i s  
r e l a t e d  c o n c e p t u a l l y  t o  t h e  t e c h n i q u e  o f  w e ig h t e d  a v e r a g e s .  I n  RA, b o t h  
s p e c i e s  and s a m p le s  a r e  o r d i n a t e d  s i m u l t a n e o u s l y ,  which  i s  an e s p e c i a l l y  
a t t r a c t i v e  f e a t u r e  (Gauch  e t  a l . ,  1 9 7 7 ) .  A s e t  o f  s p e c i e s  s c o r e s  i s  
a r b i t r a r i l y  a s s i g n e d ,  t h e n  sample  s c o r e s  a r e  c a l c u l a t e d  s u c h  t h a t  e ac h  
sam p le  s c o r e  i s  t h e  mean s c o r e  o f  t h e  s p e c i e s  t h a t  o c c u r  i n  i t  ( o r  w i t h  
q u a n t i t a t i v e  d a t a  t h e  w e i g h t e d  a v e r a g e ,  w i t h  w e i g h t s  p r o p o r t i o n a l  t o  t h e
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a bundanc e  o f  e a c h  s p e c i e s ) .  F i n a l l y ,  new s p e c i e s  s c o r e s  a r e  c a l c u l a t e d  
so t h a t  t h e  s c o r e  o f  e a c h  s p e c i e s  i s  t h e  mean o f  t h e  s c o r e s  o f  t h e  
s a m p l e s  i n  w hich  t h a t  s p e c i e s  o c c u r s .  I f  t h i s  p r o c e s s  i s  r e p e a t e d  many 
t i m e s ,  t h e  s c o r e s  w i l l  s t a b i l i z e  t o  a f i n a l  s o l u t i o n  which  i s  
i n d e p e n d e n t  o f  t h e  i n i t i a l  s c o r e s  and w hich  p r o v i d e s  an o p t i m a l  o r d e r i n g  
o f  s am p le s  and s p e c i e s  i n  r e l a t i o n  t o  eac h  o t h e r  ( H i l l ,  1 9 7 3 ; 1 9 7 9 ) .  The 
p r o c e d u r e  h a s  b e e n  c a l l e d  " r e c i p r o c a l  a v e r a g i n g "  b e c a u s e  t h e  s p e c i e s  
s c o r e s  a r e  a v e r a g e s  o f  t h e  s t a n d  s c o r e s  and r e c i p r o c a l l y  t h e  s t a n d  
s c o r e s  a r e  a v e r a g e s  o f  t h e  s p e c i e s  s c o r e s  ( H i l l ,  1 9 7 3 ) .
BA p r o v i d e s  a r e l a t i v e l y  o b j e c t i v e  a n a l y s i s  o f  community d a t a ,  as  
i t  r e q u i r e s  no w e i g h t s  o r  e n d p o i n t  s e l e c t i o n s .  The e n v i r o n m e n t a l  
i n t e r p r e t a t i o n  o f  r e s u l t s  i s  a  s e p a r a t e  and s u b s e q u e n t  s t e p  (G auch ,  
1 9 8 2 ) .  The t e c h n i q u e  doe6  h ave  two m a jo r  d r a w b a c k s ,  h o w ev e r .  The f i r s t  
i s  t h a t  t h e r e  i s  o f t e n  an " a r c h  e f f e c t "  i n  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  
s econd  ( o r  h i g h e r )  a x i s  and t h e  f i r s t  ( o r  low er )  a x i s  which  i s  a 
m a t h e m a t i c a l  a r t i f a c t .  The second  a x i s ,  i n  p a r t i c u l a r ,  o f t e n  h a s  a  v e r y  
s t r o n g  q u a d r a t i c  r e l a t i o n  t o  t h e  f i r 6 t  ( H i l l ,  1 9 7 9 ) .  The second  
d i f f i c u l t y  w i t h  RA i s  t h a t  e c o l o g i c a l  d i s t a n c e s  a r e  o f t e n  n o t  p r e s e r v e d ,  
s o  t h a t  s a m p l e s  w h ich  d i f f e r  e c o l o g i c a l l y  by  an i d e n t i c a l  amount may be 
s e p a r a t e d  by  d i f f e r e n t  d i s t a n c e s  i n  t h e  o r d i n a t i o n ,  d e p e n d i n g  on  t h e i r  
l o c a t i o n s  a l o n g  t h e  o r d i n a t i o n  a x e s .  S p e c i f i c a l l y ,  sample  s c o r e s  t end  
t o  b e  more c l o s e l y  s p a c e d ,  o r  c l u s t e r e d ,  a t  t h e  ends  o f  an a x i s  as  
opp o sed  t o  t h e  m i d d l e  ( H i l l  and Gauch,  1980;  G u r n e l l  e t  a l . ,  1 9 8 5 ) .
D e t r e n d e d  c o r r e s p o n d e n c e  a n a l y s i s  ( H i l l ,  1979;  H i l l  and Gauch,
1980) overcom es  t h e s e  two d i f f i c u l t i e s .  S c o r e s  on t h e  f i r s t  a x i s  a r e  
c a l c u l a t e d  i n  t h e  same manner  as  i n  RA. " D e t r e n d i n g "  i s  t h e n  u s e d  t o  
e l i m i n a t e  t h e  a r c h  e f f e c t  on A x is  2 ( a n d  h i g h e r  a x e s ) .  T h i s  p r o c e s s
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i n v o l v e s  d i v i d i n g  t h e  f i r s t  a x i s  i n t o  a number o f  s e g m e n t s ,  t h e n  w i t h i n  
e a c h  segm en t  a d j u s t i n g  t h e  s am p le  s c o r e s  on A x is  2 so  t h a t  t h e y  have  an 
a v e r a g e  o f  z e r o .  U s ing  t h e s e  d e t r e n d e d  sam p le  s c o r e s ,  new s p e c i e s  
s c o r e s  a r e  c a l c u l a t e d  i n  t h e  u s u a l  way,  and t h e  p r o c e s s  i s  r e p e a t e d  
u n t i l  t h e  s c o r e s  s t a b i l i z e .  The t h i r d  a x i s  i s  o b t a i n e d  by a p p l y i n g  a 
s i m i l a r  d e t r e n d i n g  e x e r c i s e  w i t h  r e s p e c t  t o  t h e  second  a x i s ,  and so  on 
f o r  h i g h e r  a x e s .  T h i s  r e s u l t s  i n  r em o v a l  o f  t h e  " a r c h "  ( H i l l ,  1979;  
Gauch,  1 9 8 2 ) .
" R e s c a l i n g "  i s  u s e d  t o  e l i m i n a t e  t h e  d i s t o r t i o n  o f  r e l a t i v e  
d i s t a n c e s  b e t w e e n  sam p le s  ( a n d  s p e c i e s )  on  t h e  a x e s .  S m al l  s egm ents  
a l o n g  t h e  s p e c i e s  o r d i n a t i o n  a x i s  a r e  expanded  o r  c o n t r a c t e d  s u c h  t h a t  
s p e c i e s  t u r n o v e r  o c c u r s  a t  a  u n i f o r m  r a t e  a l o n g  t h e  s p e c i e s  o r d i n a t i o n  
a x i s  a n d ,  t h e r e f o r e ,  e q u a l  d i s t a n c e s  i n  t h e  o r d i n a t i o n  c o r r e s p o n d  t o  
e q u a l  d i f f e r e n c e s  i n  s p e c i e s  c o m p o s i t i o n  (G au ch ,  1 9 8 2 ) .
DCA t h u s  p r o v i d e s  a d u a l  o r d i n a t i o n  o f  s am p le s  and s p e c i e s ,  
r e a l i s t i c a l l y  s c a l e d ,  and w i t h  c o r r e c t i o n s  f o r  t h e  e f f e c t s  o f  
c u r v i l i n e a r i t y  on s a m p le  p o s i t i o n s  and h i g h e r  a x e s .  T h i s  has  l e d  many 
e c o l o g i s t s  t o  deem DCA t h e  m os t  s u c c e s s f u l  o r d i n a t i o n  t e c h n i q u e  i n  
p r a c t i c e  so f a r  ( H i l l  and Gauch,  1980 ;  P i e l o u ,  1 9 8 4 ) .
DCA i s  n o t  w i t h o u t  i t s  l i m i t a t i o n s ,  h o w e v e r ,  and t h e s e  s h o u l d  be 
n o t e d .  The method i s  q u i t e  s e n s i t i v e  t o  anom alous  s a m p l e s ,  and i t  i s  
t h u s  b e s t  t o  remove e x t r e m e  o u t l i e r s  b e f o r e  a n a l y s i s  o f  a  d a t a  s e t  ( H i l l  
and Gauch,  1 9 8 0 ) .  P r e s e n c e  o f  s u c h  sam p le s  c a n  c a u s e  marked skew ing  o f  
o r d i n a t i o n  a x e s .  A d d i t i o n a l l y ,  i n  an e f f o r t  t o  c o r r e c t  t h e  d raw backs  
a t t r i b u t e d  t o  RA, t h e r e  may b e  t i m e s  when e c o l o g i c a l l y  m e a n in g f u l  
i n f o r m a t i o n  i s  u n w i t t i n g l y  d e s t r o y e d .  P i e l o u  ( 1 9 8 4 )  c o n c l u d e s ,  how ever ,  
t h a t  " .  . . e x p e r i e n c e  w i t h  r e a l  d a t a  and t e s t s  w i t h  a r t i f i c i a l  d a t a
74
s u g g e s t  t h a t  t h e  method g i v e s  u s e f u l  r e s u l t s  and p e r m i t s  e c o l o g i c a l l y  
c o r r e c t  i n t e r p r e t a t i o n s  t o  be  d e r i v e d  f rom c o n f u s i n g  m u l t i v a r i a t e  d a t a " .
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RELATIONSHIPS BETWEEN SPECIES DISTRIBUTION AND ENVIRONMENTAL FACTORS 
The o c c u r r e n c e  o f  s a l t  m a r s h e s ,  and t h e  d i s t r i b u t i o n  o f  s p e c i e s  
w i t h i n  s a l t  m a rs h  c o m m u n i t i e s ,  h a s  b e e n  e x p l a i n e d  by  v a r i o u s  r e s e a r c h e r s  
p r i m a r i l y  on  t h e  b a s i s  o f  t h e  f o l l o w i n g  f a c t o r s :  i n u n d a t i o n  ( J o h n s o n  and 
Y o rk ,  1915;  Chapman, 1 9 3 8 ;1 9 6 0 ;  M i l l e r  and E g l e r ,  1950;  H in d e ,  1954;
Adams, 1963;  R e d f i e l d ,  1 9 7 2 ) ,  s a l i n i t y  (P e n fo u n d  and H athaway,  1938;  
T a y l o r ,  1939;  B ourdeau  and Adams,  1 9 5 6 ) ,  o r  a  complex o f  s e v e r a l  f a c t o r s  
o f  w h ic h  s a l i n i t y  and i n u n d a t i o n  a r e  t h e  mos t  i m p o r t a n t  (Chapman,  1940;  
R eed ,  1947;  J a c k s o n ,  1 9 5 2 ) .
I n  t h e  c a s e  o f  b o t h  dune  and m a r i t i m e  f o r e s t  c o m m u n i t i e s ,  s a l t  
s p r a y  has  b e e n  i d e n t i f i e d  a s  t h e  p r i n c i p a l  f a c t o r  i n f l u e n c i n g  s p e c i e s  
d i s t r i b u t i o n  ( V e i l s  and S h u n k , 1938;  W e l l s ,  1939 ;  O o s t in g  and B i l l i n g s ,  
1942;  O o s t i n g ,  1945;  B oyce ,  1 9 5 4 ) .
O th e r  f a c t o r s  may a l s o  p l a y  an i m p o r t a n t  r o l e  i n  i n f l u e n c i n g  
community  c o m p o s i t i o n  and s p e c i e s  d i s t r i b u t i o n .  These  i n c l u d e  s o i l  pH, 
n u t r i e n t  c o n c e n t r a t i o n s ,  s o i l  t y p e ,  d r a i n a g e ,  a e r a t i o n ,  w in d ,  
d i s t u r b a n c e ,  and t h e  e l e m e n t  o f  c h a n c e  i n v o l v e d  i n  seed  o r  p r o p a g u l e  
d i s p e r s a l .
E v i d e n c e  s u p p o r t i n g  t h e  i m p o r t a n c e  o f  t h e s e  v a r i o u s  f a c t o r s  w i l l  be  
d i s c u s s e d  h e r e ,  i n c l u d i n g  t h e  r e s u l t s  o f  t h e  p r e s e n t  s t u d y .
E l e v a t i o n  and T i d a l _ g a c t o r s
The e l e v a t i o n  f a c t o r  i n  s p e c i e s  d i s t r i b u t i o n  f o r  c o a s t a l  v e g e t a t i o n  
r e a l l y  m us t  be  c o n s i d e r e d  a s  a t i d e - e l e v a t i o n  c o m p le x ,  due  t o  t h e  
i n h e r e n t  r e l a t i o n s h i p  b e t w e e n  e l e v a t i o n  and t i d a l  f a c t o r s  w hich  r e s u l t s  
i n  p e r i o d i c  i n u n d a t i o n  o f  many c o a s t a l  s p e c i e s .  Jo h n so n  and York 
( 1 9 1 5 ) ,  i n  t h e i r  c l a s s i c  s t u d y  o f  t i d e s  and s a l t  m a rsh  z o n a t i o n  a t  Cold
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S p r i n g  H a r b o r ,  New Y ork ,  c o n c l u d e d  t h a t  e l e v a t i o n  w i t h  r e s p e c t  t o  t i d a l  
da tum p l a n e s  ( t i d e - e l e v a t i o n )  c o n t r o l s  m a rsh  s p e c i e s  d i s t r i b u t i o n s .
They f u r t h e r  b e l i e v e d  t h a t  e a c h  s p e c i e s  i s  c h a r a c t e r i z e d  by a  p a r t i c u l a r  
s u b m e rg e n c e :  em ergence  r a t i o  r e s u l t i n g  from t h e  i n t e r a c t i o n  o f  t i d e s  and 
e l e v a t i o n ,  and t h a t  t h i s  r a t i o  w i l l  a l s o  c h a r a c t e r i z e  s i m i l a r  6 p e c i e s  
e v e r y w h e r e .
I n  C a l i f o r n i a ,  Hinde ( 1 9 5 4 )  d e t e r m i n e d  t h a t  t i d e - e l e v a t i o n  c o n t r o l s  
t h e  v e r t i c a l  d i s t r i b u t i o n s  o f  S f r a r t i n e t u m . S a l i t D r n i e t u m . and 
D i s t i c h l i d e t u m  m a rsh  a s s o c i a t i o n s .  Hinde  m easured  e l e v a t i o n s  o f  t h e  
u p p e r  and low er  l i m i t s  o f  t i d a l  f l o o d i n g ,  and d e t e r m i n e d  f l o o d i n g  
f r e q u e n c i e s  and d u r a t i o n s ,  and s ubm ergenc e :  em ergence  r a t i o s  f o r  t h e  
above  c o m m u n i t i e s .
R e d f i e l d  ( 1 9 7 2 )  c a l c u l a t e d  f r e q u e n c i e s  and volumes  o f  a n n u a l  t i d a l  
f l o o d i n g ,  and t o t a l  and p e r c e n t  d u r a t i o n  o f  submergence  f o r  d i f f e r e n t  
m a rs h  e l e v a t i o n s  a t  Cape Cod,  M a s s a c h u s e t t s .
Lagna  (1975)  d i s c u s s e d  t h e  d i s t r i b u t i o n  o f  S b a t t i n a  a l t e r t i i f  l o r a  a t  
l e n g t h .  L a g n a ' s  c o n c l u s i o n  a f t e r  r e v i e w i n g  t h e  l i t e r a t u r e  was t h a t  
w h i l e  t h e  c o r r e l a t i o n  b e t w e e n  t h e  u p p e r  l i m i t  o f  £.. a l t e r n i ' f l D t a  and MHW 
i s  o f t e n  r e f e r r e d  t o ,  i t  i s  n o t  a c t u a l l y  s u p p o r t e d .  "The a c t u a l  methods 
o f  d e t e r m i n i n g  t i d a l  d a t a  and l o c a t i n g  them as  a s p e c i f i c  l i n e  on a 
m a rsh  w ere  o f t e n  i n a d e q u a t e  t o  s u p p o r t  s uch  a  c o n s i s t e n t  c o r r e l a t i o n . "  
( L a g n a ,  1 9 7 5 ) .  The r e s u l t s  o f  L a g n a ' s  own r e s e a r c h  a t  f i v e  l o c a t i o n s  on 
Long I s l a n d ,  New York i n d i c a t e d  no c o n s i s t e n t  r e l a t i o n s h i p  b e t w e e n  th e  
d i s t r i b u t i o n  o f  s a l t  m a rsh  s p e c i e s  and a b s o l u t e  e l e v a t i o n .  With  r e s p e c t  
t o  £.. a l t e r n i f l o t a  ( s h o r t  f o r m ) ,  e x t e n s i o n s  o f  i t s  u p p e r  l i m i t  w e l l  
above  t h e  l e v e l  o f  MHW were  f r e q u e n t l y  e n c o u n t e r e d .  Lagna s u g g e s t e d  
t h a t  t i d e - e l e v a t i o n s  may d e t e r m i n e  z o n a t i o n  i n  c o n j u n c t i o n  w i t h  s u r f a c e
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f e a t u r e s  and m a rsh  t o p o g r a p h y  ( i . e . ,  r e l a t i v e  r a t h e r  t h a n  a b s o l u t e  t i d e -  
e l e v a t i o n s  may be  i m p o r t a n t )  ( L a g n a ,  1 9 7 5 ) .
T i d e - e l e v a t i o n  i n f l u e n c e s  a r e  s t i l l  c o n s i d e r e d  a  p r i m a r y  f a c t o r  in  
t h e  d i s t r i b u t i o n  o f  s a l t  m a rsh  s p e c i e s .  The work o f  Adams (1963 )  
c o n c e r n i n g  p l a n t  d i s t r i b u t i o n  i n  s e v e r a l  N or th  C a r o l i n a  m a rs h es  i s  
f r e q u e n t l y  c i t e d  a s  an  i m p o r t a n t  r e f e r e n c e  on t h e  t o p i c .  Adams s u r v e y e d  
u p p e r  and low er  e l e v a t i o n a l  l i m i t s  o f  s a l t  m a rs h  s p e c i e s  a t  s e l e c t e d  
s i t e s  r e l a t i v e  t o  l o c a l  t i d a l  da tum  p l a n e s ,  and c a l c u l a t e d  t i d e -  
e l e v a t i o n  c o n s t a n t s  f o r  e a c h  s p e c i e s .  These  w ere  v e r y  c o n s i s t e n t  
b e t w e e n  m a rsh  s i t e s ,  and Adams c o n s i d e r e d  t i d e - e l e v a t i o n  t o  be  t h e  
p r i m a r y  f a c t o r  d e t e r m i n i n g  s a l t  m a rs h  z o n a t i o n .  Adams h y p o t h e s i z e d  t h a t  
f o r  e v e r y  m a r s h ,  e a c h  s p e c i e s  o c c u r s  w i t h i n  a n a r r o w  e l e v a t i o n a l  r a n g e ,  
w hich  h a s  a  s p e c i f i c  r e l a t i o n s h i p  t o  t h e  t i d e  i n  t h a t  a r e a .
S p e c i f i c a l l y ,  Adams s t a t e d  t h a t  " t h e  mean e l e v a t i o n  o f  o c c u r r e n c e  above 
MSL [mean s e a  l e v e l ]  d i v i d e d  by  o n e - h a l f  t h e  mean t i d e  r a n g e  o f  t h e  a r e a  
c o n c e r n e d  i s  a  c h a r a c t e r i s t i c  c o n s t a n t  f o r  e a c h  o f  t h e  v a r i o u s  s a l t -  
m a rsh  s p e c i e s . "  (Adams,  1963)
M a r c e l l u s  (1 9 7 2 )  e s t a b l i s h e d  a q u a n t i t a t i v e  r e l a t i o n s h i p  b e tw e e n  
t h e  u p p e r  l i m i t  o f  V i r g i n i a  s a l t  m a rs h e s  and t h e  t i d a l  da tum o f  mean low 
w a t e r .  The u p p e r  b o u n d a r y  was s e t  a t  t h e  a v e r a g e  t i d e - e l e v a t i o n  o f  t h e  
s o - c a l l e d  s a l t  b u s h  l i n e  ( t h e  l o w e s t  l i m i t  o f  e i t h e r  I v a  o r  B a c c h a r i s ) 
i n  24 V i r g i n i a  m a r s h e s ;  w he re  no s a l t  b u s h  l i n e  e x i s t e d ,  t h e  u p p e r  
b o r d e r  o f  t i d a l  wrack  was d e s i g n a t e d  as  t h e  b o u n d a r y .  The h e i g h t  o f  t h e  
s a l t  b u s h  l i n e  above  mean low w a t e r  was shown by  M a r c e l l u s  t o  be 
s t r o n g l y  d e p e n d e n t  on t h e  t i d a l  r a n g e  a t  e a c h  l o c a t i o n .  The f a c t o r  1 .5  
was d e t e r m i n e d  t o  b e  t h e  a v e r a g e  r a t i o  o f  t h e  mean e l e v a t i o n  o f  t h e  s a l t  
b u s h  l i n e  above  MLW t o  t h e  mean t i d e  r a n g e  a t  e a c h  l o c a l i t y .
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T h i s  f a c t o r  was i n c o r p o r a t e d  i n t o ,  and formed t h e  d e f i n i t i o n a l  
b a s i s  f o r ,  t h e  V i r g i n i a  W et la n d s  A c t  o f  1972 (V a .  Code ,  T i t l e  6 2 . 1 ,  S ec .  
6 2 . 1 - 1 3 . 1  e t  s e q . ) .  T h i s  A c t  l e g a l l y  d e l i m i t s  v e g e t a t e d  w e t l a n d s  as 
" a l l  t h a t  l and  l y i n g  b e t w e e n  and c o n t i g u o u s  t o  mean low w a t e r  and an 
e l e v a t i o n  above mean low w a t e r  e q u a l  t o  t h e  f a c t o r  1 . 5  t i m e s  t h e  mean 
t i d e  r a n g e  a t  t h e  s i t e .  . s u p p o r t i n g  any o f  45 r o o t e d  v e g e t a t i o n
s p e c i e s .
Boon,  Bou le  and S i l b e r h o r n  (1 9 7 7 )  c o n d u c te d  a s t u d y  o f  s e l e c t e d  
m a rsh  s i t e s  w i t h i n  t h e  l o w e r  C h e s a p e a k e  Bay and i t s  m a j o r  t r i b u t a r i e s ,  
w i t h  t h e  g o a l  o f  f i n d i n g  im proved means o f  d e f i n i n g  and l o c a t i n g  t h e  
u p p e r  l i m i t  o f  t i d a l  w e t l a n d s  f o r  j u r i s d i c t i o n a l  p u r p o s e s .  They 
d i s c u s s e d  t h e  f r e q u e n t l y - c i t e d  p r i n c i p l e  t h a t  " I n  g e n e r a l ,  f r e q u e n c y  o f  
t i d a l  im m ers ion  s e t s  a  f a i r l y  p r e c i s e  lo w e r  l i m i t  t o  e a c h  p a r t i c u l a r  
s p e c i e s  i n  a  t i d a l  m a rs h  w h e re a s  c o m p e t i t i o n  w i t h  o t h e r  s p e c i e s  t h a t  a r e  
b e t t e r  a d a p t e d  t o  t h e  e n v i r o n m e n t  a t  h i g h e r  l e v e l s  c a u s e s  a much more 
i r r e g u l a r  u p p e r  l i m i t  f o r  t h a t  s p e c i e s . "
Boon e t  a l .  ( 1 9 7 7 )  i d e n t i f i e d  t h e  u p p e r  l i m i t  o f  e a c h  m a rsh  as  t h e  
m ed ian  p o i n t  w i t h i n  t h e  m a r s h - u p l a n d s  t r a n s i t i o n  z o n e ,  o r  " t h e  p o i n t  i n  
t h e  v e g e t a t i o n a l  s e q u e n c e  a t  w h ich  t r u e  u p l a n d s  s p e c i e s  f i r s t  a p p e a r  t o  
h ave  c o v e r a g e  and a b u n d a n c e  a p p r o x i m a t e l y  e q u a l  t o  t h a t  o f  marsh  
s p e c  i e s . "
The u p p e r  l i m i t  o f  most  o f  t h e  s a l t  m a rs h e s  s t u d i e d  r an g ed  f rom 2 4 -  
36 cm ( 0 . 8 - 1 . 2  f t )  above  MHW, w i t h  an a v e r a g e  o f  29 cm ( 0 . 9 5  f t ) .  At 
t h r e e  s i t e s  h a v i n g  abno rm a l  t i d a l  c h a r a c t e r i s t i c s ,  t h e  b o u n d a ry  was 
somewhat h i g h e r  ( 3 6 - 4 6  cm above  MHW). S i g n i f i c a n t l y  g r e a t e r  v e r t i c a l  
s e p a r a t i o n s  b e t w e e n  MHW and t h e  u p p e r  l i m i t s  o f  m a rs h es  h a v e  b e e n
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r e p o r t e d  f o r  o t h e r  r e g i o n s  h a v i n g  s i g n i f i c a n t l y  d i f f e r e n t  t i d a l  r a n g e s ,  
however  (Boon e t  a l . ,  1 9 7 7 ) .
Boon,  Ware and S i l b e r h o r n  (1978 )  f u r t h e r  examined r e l a t i o n s h i p s  
b e t w e e n  v e g e t a t i o n  and e l e v a t i o n  i n  m a r s h / u p l a n d s  t r a n s i t i o n  zones  a lo n g  
t h e  C e n t r a l  A t l a n t i c  C o a s t a l  Reg ion  ( D e l a w a r e ,  M a r y l a n d ,  V i r g i n i a ,  and 
N o r th  C a r o l i n a ) .  I n  t h i s  s t u d y ,  t h e  marsh  u p p e r  l i m i t  was t a k e n  t o  be  
t h e  e l e v a t i o n a l  mean o f  t h e  u p p e r  l i m i t  o f  t h e  t r a n s i t i o n  z o n e ,  o r  t h e  
p o i n t  a l o n g  a  m a r s h / u p l a n d s  t r a n s e c t  " a t  which  t h e  amount o f  ground 
c o v e r a g e  by m a rsh  p l a n t s  i s  l e s s  t h a n  5 p e r c e n t  and c o v e r a g e  by u p la n d  
p l a n t s  i s  a t  l e a s t  5 p e r c e n t  and i s  c o n t i g u o u s  w i t h  t h e  u p l a n d  p r o p e r . "
One o f  t h e  p r i m a r y  p u r p o s e s  o f  Boon e t  a l . ' s  ( 1 9 7 8 )  s t u d y  was " t o  
d e t e r m i n e  i f  t h e  u p p e r  l i m i t  o f  any m arsh  w i t h i n  a g i v e n  c o a s t a l  
e n v i r o n m e n t  b e a r s  a  c o n s t a n t  e l e v a t i o n a l  r e l a t i o n s h i p  t o  t h e  t i d a l  da tum 
o f  mean h i g h  w a t e r . "  They c o n c l u d e d  t h a t  t h e  r e s u l t s  o f  t h e i r  s t u d y  d i d  
" n o t  c o n f l i c t  w i t h "  t h a t  h y p o t h e s i s .  An e l e v a t i o n  o f  60 -70  cm above  MHW 
c h a r a c t e r i z e d  t h e  m a rsh  u p p e r  l i m i t  i n  t i d a l l y - o p e n  m arsh  and lagoon  
e n v i r o n m e n t s  s t u d i e d  a t  F i n n e y  C reek  ( n e a r  W a c h a p re a g u e , VA), Cedar  
I s l a n d ,  and Ocean C i t y ,  M a r y l a n d .  The u p p e r  l i m i t  o f  m a rs h es  on 
P a r r a m o r e  I s l a n d  was a b i t  h i g h e r  (85  cm).
F o r  t h e  b a y - e s t u a r i n e  e n v i ro n m e n t  s t u d i e d  a t  Woodland Beach,  
D e law are  ( u p p e r  l i m i t  o f  t r a n s i t i o n  zone = 34 cm above  MHW), r e s u l t s  a r e  
c o n s i s t e n t  w i t h  t h e  p r e v i o u s  f i n d i n g s  o f  Boon,  Bou le  and S i l b e r h o r n  
(1 9 7 7 )  i n  w h ich  t h e  a v e r a g e  u p p e r  l i m i t  o f  m a rs h e s  i n  lower  Chesapeake  
Bay was l o c a t e d  a t  29 cm above  MHW. ( I n  t h e  l a t t e r  s t u d y  t h e  median  
p o i n t ,  r a t h e r  t h a n  t h e  u p p e r  l i m i t ,  o f  t h e  t r a n s i t i o n  zone was u sed  t o  
l o c a t e  t h e  u p p e r  l i m i t  o f  t h e  m a r s h ) .
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How do e l e v a t i o n  m e a s u re m e n t s  a lo n g  T r a n s e c t s  1 -  9 i n  t h e  p r e s e n t  
s t u d y  compare  w i t h  t h e s e  f i n d i n g s ?  Does t h e  e l e v a t i o n  o f  t h e  s a l t  bush  
l i n e  a t  t h e s e  6 i t e s  ( t h e  l o w e s t  o c c u r r e n c e  o f  I v a  f ru tE B c e n B ) a p p e a r  to  
f i t  t h e  e l e v a t i o n a l  d e f i n i t i o n  p r o v i d e d  i n  t h e  V i r g i n i a  W e t la n d s  Act?
As f a r  a s  t h e  u p p e r  l i m i t  o f  t h e  m arsh  h a v i n g  a  c o n s i s t e n t  
r e l a t i o n s h i p  t o  t h e  d a tu m  o f  mean h i g h  w a t e r ,  i t  i s  d i f f i c u l t  t o  a p p ly  
t h e  d e f i n i t i o n  u sed  by  Boon e t  a l .  ( 1 9 7 8 )  (g ro u n d  c o v e r a g e  by marsh 
p l a n t s  l e s s  t h e n  5Z and c o v e r a g e  by  u p la n d  p l a n t s  a t  l e a s t  5Z) t o  th e  
d a t a  f o r  T r a n s e c t s  1 - 9 .  A c l o s e  e x a m i n a t i o n  o f  d a t a  f o r  s am p le s  i n  
t h e  m a r s h / u p l a n d s  t r a n s i t i o n  z o n e ,  p a r t i c u l a r l y  on  Mockhorn I s l a n d ,  d i d  
a p p e a r  t o  s u p p o r t  s u c h  a  r e l a t i o n s h i p ,  h o w ev e r .  The e l e v a t i o n s  o f  f i v e  
sam p le s  m e e t i n g  t h e  c r i t e r i a  f o r  t h e  u p p e r  l i m i t  o f  t h e  s a l t  m a rs h  ( f o u r  
on  Mockhorn I s l a n d  and one  on  R e v e l )  r a n g e d  from a p p r o x i m a t e l y  55-60  cm 
above  MHW. T h i s  i s  i n  g e n e r a l  a g re e m e n t  w i t h  t h e  v a l u e  found by  Boon e t  
a l .  ( 1 9 7 8 )  t o  c h a r a c t e r i z e  t i d a l l y - o p e n  marsh  and l a g o o n  e n v i ro n m e n t s  
n e a r  W a c h a p re a g u e , V i r g i n i a  and on C edar  I s l a n d .
The e l e v a t i o n  o f  t h e  s a l t  b u s h  l i n e ,  a s  d e f i n e d  i n  t h e  V i r g i n i a  
W e t la n d s  A c t  ( t h e  l o w e s t  l e v e l  o f  o c c u r r e n c e  o f  I v a  o r  B a c c h a r i s )  i s  
f a i r l y  e a s y  t o  p i n p o i n t  f o r  d a t a  c o l l e c t e d  i n  t h e  p r e s e n t  s t u d y .  T h i s  
makes i t  p o s s i b l e  t o  d e t e r m i n e  how w e l l  t h e  e l e v a t i o n a l  d e f i n i t i o n  
p r o v i d e d  i n  t h e  V i r g i n i a  W e t la n d s  A ct  a p p l i e s  t o  t h e  s i t e s  s e l e c t e d  on 
Mockhorn ,  C ed a r  and R eve l  I s l a n d s .  C edar  and Mockhorn I s l a n d s  w i l l  be 
u s e d  a s  exam ples  h e r e ,  s i n c e  b e n c h  marks  were  a c c e s s i b l e  a t  t h e s e  
l o c a t i o n s .
The mean t i d e  r a n g e  a t  Metomkin I n l e t  i s  1 . 1 0  m. A c c o r d in g  t o  t h e  
W e t la n d s  A c t ,  t h e n ,  t h e  e l e v a t i o n  o f  t h e  s a l t  b u s h  l i n e  a t  t h i s  l o c a t i o n  
s h o u l d  be  a t  MLW + 1 . 5 ( 1 . 1 0  m ) , o r  MLW + 1 .6 5  m. T h i s  i s  e q u i v a l e n t  t o
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MHW + 0 . 5 5  m. The l o w e s t  l e v e l  o f  o c c u r r e n c e  o f  I v a  f r u t g s c e n s  r e c o r d e d  
on Snead Beach was a t  MHW + 0 . 4 6  m.
I n  Magothy Bay a d j a c e n t  t o  Mockhorn I s l a n d ,  t h e  mean t i d e  r a n g e  i s  
a p p r o x i m a t e l y  1 . 2  m. T h u s ,  one  m i g h t  e x p e c t  t h e  e l e v a t i o n  o f  t h e  s a l t  
bu6h  l i n e  on Mockhorn I s l a n d  t o  b e  a t  MLW + 1 . 5 ( 1 . 2  m ) , o r  MLW + 1 . 8  m. 
T h i s  i s  e q u i v a l e n t  t o  MHW + 0 . 6  m. The l o w e s t  l e v e l  o f  o c c u r r e n c e  o f  
I v a  r e c o r d e d  i n  T r a n s e c t s  1 ,  2 and 9 on Mockhorn i s  0 . 4 9  m.
These  v a l u e s  f o r  t h e  e l e v a t i o n  o f  t h e  s a l t  b u s h  l i n e  t h u s  f a l l  
somewhat b e lo w  t h e  l i m i t s  u sed  f o r  j u r i s d i c t i o n a l  p u r p o s e s ,  b u t  a r e  w e l l  
w i t h i n  t h e  r a n g e  o f  v a l u e s  found by  M a r c e l l u s  ( 1 9 7 2 ) .  A p p l i c a t i o n  o f  
t h e  W e t la n d s  A c t  c r i t e r i a  t o  v e g e t a t i o n  on  C ed a r  and Mockhorn I s l a n d s  
would t h e r e f o r e  p r o v i d e  ample p r o t e c t i o n  f o r  t h e  s a l t  m a rsh  com munity .
I t  i s  d i f f i c u l t  t o  d raw  c o n c l u s i o n s  r e g a r d i n g  r e l a t i o n s h i p s  be tw ee n  
i n d i v i d u a l  s p e c i e s  and a b s o l u t e  e l e v a t i o n s  b a s e d  on  d a t a  from t h e  
p r e s e n t  s t u d y .  P a t t e r n s  i n  t h e  r e l a t i v e  d i s t r i b u t i o n  o f  s p e c i e s  w i t h  
r e s p e c t  t o  e l e v a t i o n  a r e  q u i t e  o b v i o u s ,  h o w e v e r .  C o n s i s t e n t  p a t t e r n s  i n  
t h e  a r r a n g e m e n t  o f  s p e c i e s  a l o n g  A x is  1 i n  e a c h  o f  t h e  f i v e  o r d i n a t i o n s  
p e r f o r m e d ,  c o u p l e d  w i t h  t h e  h i g h  d e g r e e  o f  c o r r e l a t i o n  b e tw e e n  e l e v a t i o n  
and sam p le  s c o r e s  on  A x is  1 ,  p r o v i d e  s t r o n g  s u p p o r t  f o r  t h e  c o n c l u s i o n  
t h a t  e l e v a t i o n  ( i n c l u d i n g  t h e  t i d a l  f a c t o r s  c o u p l e d  w i t h  i t )  p l a y s  a 
p r i m a r y  r o l e  i n  t h e  d i s t r i b u t i o n  o f  s a l t  m arsh  s p e c i e s .
S a l i n i t y
S a l i n i t y  ( s p e c i f i c a l l y ,  t h e  s a l i n i t y  o f  i n t e r s t i t i a l  s o i l  w a t e r )  
h a s  b e e n  c o n s i d e r e d  by  numerous r e s e a r c h e r s  t o  be  a m a j o r  f a c t o r  
i n f l u e n c i n g  s p e c i e s  d i s t r i b u t i o n  i n  c o a s t a l  m a r s h e s .  Bourdeau  and Adams 
( 1 9 5 6 ) ,  s t u d y i n g  s a l t  m a rs h e s  n e a r  S o u t h p o r t ,  N o r th  C a r o l i n a ,  d e s c r i b e d
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t h e  g e n e r a l  s a l i n i t y  p a t t e r n  as  f o l l o w s :  t h e  h a l i d e  c o n c e n t r a t i o n  o f  t h e  
s o i l  s o l u t i o n  a t  low t i d e ,  e q u a l  t o  t h a t  o f  t i d a l  w a t e r  i n  t h e  t a l l  
S n a r t i n a  a l t e r n i f l o r a . i n c r e a s e s  landward  t o  a v a l u e  g r e a t e r  t h a n  tw ic e  
as  h i g h  i n  t h e  s h o r t  S p a r t i n a  and S a l i c o r n i a  f l a t s  above  mean h i g h  w a te r  
( p r e s u m a b l y  due  t o  p r o l o n g e d  e v a p o r a t i o n ) .  I t  t h e n  d e c r e a s e s  i n  Juneus  
r o e t n e r i a n u s . I v a  and £ .  p a t e n B  z o n e s ,  r e a c h i n g  a minimum i n  t h e
&acsharia zone.
A v e r y  s i m i l a r  p a t t e r n  i s  d e s c r i b e d  by Adams (1 9 6 3 )  b a s e d  on h i s  
s t u d y  o f  N o r th  C a r o l i n a  s a l t  m a r s h e s .  He d e t e r m i n e d  t h a t  s a l i n i t y  o f  
t h e  s o i l  s o l u t i o n  i n c r e a s e d  landw ard  from t h e  t a l l  J>. a l t e r n i f l o r a . 
r e a c h e d  a h i g h  i n  t h e  u n v e g e t a t e d  s a l t  f l a t s ,  t h e n  d e c r e a s e d  a b r u p t l y  i n  
D i s t i c h l i B  s p i c a t a  and S .  pa tenB  (Adams '  s t u d y  d i d  n o t  i n c l u d e  t h e  s a l t  
b u s h  z o n e . )
At  t i m e s ,  e x t r e m e  s a l i n i t y  v a l u e s  o c c u r  i n  s a l t  b a r r e n s ,  p r o d u c in g  
a r e a s  c o m p l e t e l y  d e v o i d  o f  v e g e t a t i o n .  K urz  and Wagner (1 9 5 7 )  d i s c u s s e d  
t h e  d e v e l o p m e n t  o f  s a l t  b a r r e n s  a t  an e l e v a t i o n  j u s t  h i g h  enough t o  
r e c e i v e  f e w e r  i n u n d a t i o n s  by  t i d e  w a t e r s  t h a n  t h e  S a l i c o r n i a  f l a t s .
Adams (1 9 6 3 )  r e p o r t e d  s a l i n i t y  v a l u e s  i n  u n v e g e t a t e d  s a l t  f l a t s  which 
were  more t h a n  t w i c e  a s  h i g h  a s  t h o s e  found i n  f l a t s  v e g e t a t e d  by  s h o r t  
S o a r t i n a  and S a l i c o r n i a .
Adams d i d  n o t  a t t a c h  much s i g n i f i c a n c e  t o  t h e  s a l i n i t y  g r a d i e n t ,  
h o w e v e r ,  c o n c l u d i n g  t h a t ,  w i t h  t h e  e x c e p t i o n  o f  t h e  s a l t  f l a t s ,  s a l i n i t y  
d i f f e r e n c e s  among t h e  v a r i o u s  v e g e t a t i o n  t y p e s  w ere  m i n o r .  T h i s  he ld  
t r u e  f o r  t a l l ,  medium, and s h o r t  forms  o f  S .  a l t e r n i f l o r a . Ju n cu s  
IftBaeiiaDUB. and BPiCfita- S .  pflt.SBg was shown t o  be
a s s o c i a t e d  w i t h  s i g n i f i c a n t l y  lo w e r  mean s a l t  c o n c e n t r a t i o n s ,  however 
(mean e l e c t r i c a l  c o n d u c t i v i t y  o f  24 -27  mmhos/cm f o r  s am p le s  t a k e n  i n  t h e
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to p  4 i n  o f  s o i l ,  a s  compared  t o  3 1 -4 0  mmhos/cm f o r  s am p le s  a s s o c i a t e d  
w i t h  t h e  o t h e r  s p e c i e s  m e n t i o n e d ) .
The s a l i n i t y  g r a d i e n t  o b s e r v e d  f o r  s a l t  m a rs h es  on t h e  E a s t e r n  
S hore  o f  V i r g i n i a  i n  t h e  p r e s e n t  s t u d y  f o l l o w s  much t h e  same p a t t e r n  as 
t h a t  d e s c r i b e d  by  B ourdeau  and Adams (1956 )  and Adams ( 1 9 6 3 ) .  Mockhorn 
I s l a n d ,  w i t h  i t s  e x t e n s i v e  S a l i c o r n i a  f l a t s ,  b e s t  e x e m p l i f i e s  t h i s  
p a t t e r n  ( s e e  T a b l e  3 ,  p a g e  4 7 ) .  The a v e r a g e  c o n c e n t r a t i o n  o f  s o l u b l e  
s a l t s  i n  t h e  s o i l  i n c r e a s e s  f rom  a p p r o x i m a t e l y  11 ,500 ppm f o r  &. 
a l t e r n i f l o r a  t o  a  maximum o f  o v e r  1 7 ,0 0 0  ppm f o r  S a l i c o r n i a  e u r o p a e a  and 
S a l i c o r n i a  b i g e l o v i i . t h e n  d e c r e a s e s  t o  1 5 - 1 6 ,0 0 0  ppm f o r  £ .  P a t e n s  and 
PjBliChliB BkiC-flla and 9 ,9 0 0  ppm f o r  IV£ EiUl.SSEEPS.
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  i n  t h i s  c a s e  S a l i c o r n i a  v i r z i n i c a  
o c c u r s  a t  a  much low er  e l e v a t i o n  t h a n  t h e  o t h e r  two s p e c i e s  o f  
S a l i c o r n i a . and h a s  a s o l u b l e  s a l t s  c o n c e n t r a t i o n  (12774  ppm) w h ich  i s  
much c l o s e r  t o  t h e  a v e r a g e  c o n c e n t r a t i o n  f o r  £ .  a l t e r n i f l o r a  t h a n  f o r  
t h e  o t h e r  two s p e c i e s  o f  S a l i c o r n i a .
P en fo u n d  and Hathaway (1 9 3 8 )  r e p o r t e d  on  t h e  s a l t  t o l e r a n c e s  o f  
i n d i v i d u a l  b r a c k i s h  w a t e r  s p e c i e s  i n  s o u t h e a s t e r n  L o u i s i a n a .  F o u r  
d o m in a n t  m a rsh  s p e c i e s  w ere  c i t e d  by  them a s  b e i n g  n o t a b l e  f o r  t h e i r  
e x t r e m e  r a n g e s  i n  s a l i n i t y  t o l e r a n c e .  These  s p e c i e s ,  and t h e  s a l t  
t o l e r a n c e s  d e t e r m i n e d  f o r  them ( e x p r e s s e d  i n  p a r t s  p e r  t h o u s a n d ) ,  a r e  as 
f o l l o w s :  S p a r t i n a  Pa tenB  ( 0 - 3 9 ) ,  Jppgyg  IPEEfiriBBPS ( 1 - 4 4 ) ,  Sppp t ^pa 
a l t e r n i f l o r a  ( 5 - 5 0 ) ,  and P i B t i c h l i s  s p i c a t a  ( 4 - 5 0 ) .
The u p p e r  l i m i t s  o f  t o l e r a n c e  r e p r e s e n t e d  i n  t h e s e  m easu re m en ts  f a r  
e x c e e d  t h e  h i g h e s t  s a l i n i t i e s  r e c o r d e d  i n  t h e  p r e s e n t  s t u d y ,  b u t  t h e  
l o w e r  l i m i t s  f o r  S p a r t i n a  pfltfiPB and S p a r t j p a  a l t e r n i f l o r a  a r e  
c o m p a r a b le  ( s e e  T a b l e  2 ,  page  4 4 ) .
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P enfound  and Hathaway (193 8) r e c o r d e d  a s a l t  t o l e r a n c e  o f  2 -20  p p t  
f o r  I v a  f r u t e s c e n s . which  i s  v e r y  c l o s e  t o  t h e  r a n g e  o f  627-21760  ppm 
r e c o r d e d  i n  t h e  p r e s e n t  s t u d y .  Both S .  b a t e n s  and I v a  f ru t feBcens  were 
n o t e d  i n  t h e  p r e s e n t  s t u d y  f o r  t h e i r  wide  r a n g e  o f  s a l t  t o l e r a n c e .
The r o l e  o f  e l e v a t i o n  and t i d a l  f a c t o r s  i n  d e t e r m i n i n g  s a l i n i t y  on 
t h e  s u r f a c e  o f  a  m a rsh  c a n n o t  b e  i g n o r e d .  S a l i n i t y  w i l l  be  more s t a b l e  
where t i d a l  w a t e r  f r e q u e n t l y  f l u s h e s  t h e  s o i l .  I n  t h e  u p p e r  r e a c h e s  o f  
a  s a l t  m a r s h ,  e v a p o r a t i o n  t e n d s  t o  c o n c e n t r a t e  s a l t s .  A re a s  f l o o d e d  
o n l y  i n f r e q u e n t l y  e x h i b i t  l a r g e  f l u c t u a t i o n s  i n  s a l i n i t y  w hich  a r e  too  
g r e a t  f o r  many s p e c i e s  t o  t o l e r a t e .
The r e l a t i o n s h i p  b e t w e e n  s a l i n i t y  and s p e c i e s  d i s t r i b u t i o n ,  as  
e v i d e n c e d  by  e n v i r o n m e n t a l  d a t a  and by  t h e  s i g n i f i c a n c e  o f  c o r r e l a t i o n s  
w i t h  o r d i n a t i o n  a x e s  i n  t h i s  s t u d y ,  d o es  a p p e a r  t o  be  an i m p o r t a n t  o n e .  
The i n f l u e n c e  o f  t h e  t i d e - e l e v a t i o n  f a c t o r  on s a l i n i t y  i n  t h e  marsh 
e n v i r o n m e n t  mus t  b e  k e p t  i n  m ind ,  h ow ever .
As p r e v i o u s l y  d i s c u s s e d ,  i n  t h e  c a s e  o f  c o a s t a l  dune  and m a r i t i m e  
f o r e s t  c o m m u n i t i e s ,  t h e  i m p o r t a n c e  o f  s a l t  s p r a y  a s  t h e  p r i m a r y  f a c t o r  
i n f l u e n c i n g  s p e c i e s  d i s t r i b u t i o n  h a s  b e e n  w e l l  d o c u m e n te d .  O th e r  
f a c t o r s  w h ich  may o p e r a t e  i n  c o m b i n a t i o n  w i t h  s a l t  s p r a y  t o  i n f l u e n c e  
s p e c i e s  d i s t r i b u t i o n  i n  t h e s e  e n v i r o n m e n t s  i n c l u d e  t o p o g r a p h y ,  w in d ,  and 
e d a p h i c  f a c t o r s  ( O o s t i n g ,  1954;  Au, 1 9 6 9 ) .
E d ap h ic  F a c t o r s  ■- S o i l  bH and N u t r i e n t  C o n c e n t r a t i o n s
G e n e r a l l y ,  t h e r e  i s  a  t e n d e n c y  f o r  t h e  pH o f  m a rsh  s e d i m e n t s  to  
d e c r e a s e  w i t h  d i s t a n c e  f rom t h e  m arsh  e d g e ,  and w i t h  an i n c r e a s e  i n  t h e  
p e r c e n t a g e  o f  o r g a n i c  m a t t e r  i n  t h e  s e d i m e n t s  ( S t e v e n s o n  and Emery,  
1 9 5 8 ) .  S t e v e n s o n  and Emery (1 9 5 8 )  s t a t e  t h a t  b a c t e r i a l  a c t i o n ,  and
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g r a i n  s i z e  and s o r t i n g  o f  s e d i m e n t s  ( a f f e c t i n g  p o r o s i t y  and 
p e r m e a b i l i t y )  a r e  a l s o  i m p o r t a n t  i n  c o n t r o l l i n g  pH. O th e r  c o n d i t i o n s  
b e i n g  e q u a l ,  t h e  pH i s  h i g h e r  i n  c o a r s e r - g r a i n e d  s e d i m e n t s .
A d e c r e a s e  i n  pH w i t h  d i s t a n c e  from t h e  m a rsh  edge  i s  a p p a r e n t  i n  
d a t a  t a k e n  f o r  t h e  p r e s e n t  s t u d y .  At e a c h  l o c a t i o n ,  a v e r a g e  pH 
a s s o c i a t e d  w i t h  t h e  v a r i o u s  s a l t  m a rs h  s p e c i e s  d e c r e a s e s  f rom  a h i g h  i n  
S p a r t i n a  a l t e r n i f l o r a  t o  i n t e r m e d i a t e  v a l u e s  i n  S a l i c o r n i a  f l a t s  (w he re  
t h e s e  e x i s t ) ,  t o  s l i g h t l y  lo w e r  v a l u e s  a s s o c i a t e d  w i t h  S p a r t i n a  P a t e n s  
and P i B t i c h l i B  s o i c a t a . T h i s  t r e n d  i s  r e f l e c t e d  i n  t h e  c o r r e l a t i o n  
b e tw e e n  pH and A x is  2 o f  t h e  VALL o r d i n a t i o n .  A ve rage  pH v a l u e s  a lo n g  
t h i s  a x i s  r a n g e  from a  h i g h  o f  6 . 5  f o r  S.. a l t e r n i f  l o r a  t o  a low o f  5 .7  
f o r  D.  m c a t B -
A x is  1 o f  t h e  MOCK o r d i n a t i o n  i s  a l s o  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  
pH. I n  t h i s  c a s e ,  t h e  c o r r e l a t i o n  i s  s t r e n g t h e n e d  by t h e  low a v e r a g e  pH 
a s s o c i a t e d  w i t h  t h e  no c o v e r - d r y  c a t e g o r y  ( 5 . 3 )  a t  one  end o f  t h e  a x i s ,  
and t h e  r e l a t i v e l y  h i g h  a v e r a g e  pH ( 6 . 3 )  a s s o c i a t e d  w i t h  d e t r i t a l  m a t .  
A v e ra g e  pH v a l u e s  f o r  t h e  o t h e r  s p e c i e s  o c c u p i e d  a n a r r o w  r a n g e ,  from 
5 . 8  f o r  £ .  p a t e n s  t o  6 . 1  f o r  £ .  a l t e r n i f l o r a .
The pH t r e n d s  f o r  s a l t  m a rsh  s p e c i e s  w ere  o b s c u r e d  i n  o t h e r  
o r d i n a t i o n s ,  d u e  t o  t h e  i n f l u e n c e  o f  pH v a l u e s  f o r  o t h e r  s p e c i e s  o r  
c a t e g o r i e s  s u c h  a s  Ammpphila b r e v i l i E U l a t a  and sand  i n  t h e  REVE 
o r d i n a t i o n ,  no c o v e r - w e t  i n  t h e  SNEA o r d i n a t i o n ,  and d e t r i t a l  m a t .
pH v a l u e s  f o r  d e t r i t a l  mat  w ere  q u i t e  c o n s i s t e n t  t h r o u g h o u t ,  
h o w e v e r ,  a v e r a g i n g  6 . 3 - 6 . 4  i n  f o u r  o f  t h e  f i v e  d a t a  s e t s .  I v a  
f r u t e s c e n s  was c o n s i s t e n t l y  a s s o c i a t e d  w i t h  an a v e r a g e  pH o f  6 . 0 - 6 . 1  in  
a l l  b u t  one  d a t a  s e t ,  SNEA, i n  w h ich  t h e  a v e r a g e  v a l u e  was lo w e re d  by 
t h e  p r e s e n c e  o f  one  anom alous  sam p le  w i t h  a pH o f  3 . 1 .  As m e n t io n ed
86
p r e v i o u s l y ,  a v e r a g e  pH v a l u e s  a s s o c i a t e d  w i t h  S a l i c o r n i a  b p p . o c c u p i e d  a 
n a r r o w  r a n g e  f rom 5 . 9  -  6 . 2 ,  i n d i c a t i n g  a  p o s s i b l e  r e l a t i o n s h i p  be tw ee n  
S a l i c o r n i a  and pH. I t  i s  d i f f i c u l t  t o  s a y ,  h o w e v e r ,  w h e th e r  t h i s  
r e p r e s e n t s  an a c t u a l  r e l a t i o n s h i p  o r  w h e th e r  i t  i s  an e f f e c t  o f  s m a l l  
s am p le  s i z e .
In  t h e  c o a s t a l  dune  e n v i r o n m e n t ,  pH t e n d s  t o  d e c r e a s e  from t h e  
f o r e d u n e s  t o  t h e  m a r i t i m e  f o r e s t  (Au,  1 9 6 9 ) .  C a r b o n a t e  d e r i v e d  from 
s h e l l  f r a g m e n t s  i n  t h e  f o r e d u n e s  c o n t r i b u t e s  t o  a l k a l i n i t y .  Low o r g a n i c  
m a t t e r  c o n t e n t  and c o a r s e - g r a i n e d  s e d i m e n t s  i n  t h e  dune  e n v i ro n m e n t  a l s o  
c o n t r i b u t e  t o  r e l a t i v e l y  h i g h  pH v a l u e s  ( i n  t h i s  s t u d y ,  an a v e r a g e  o f  
6 . 5  f o r  s a n d - d o m i n a t e d  s a n p l e s  and 6 . 2  f o r  s am p le s  i n  which  Atntnophi l a  
brevilistflata was i m p o r t a n t ) .
I n  t h e  m a r i t i m e  f o r e s t ,  i n c r e a s e d  a c i d i t y  p r o b a b l y  r e s u l t s  from t h e  
p r e s e n c e  o f  o r g a n i c  a c i d s .  C o n i f e r  n e e d l e s  c o n t a i n  a c i d - f o r m i n g  
compounds (D a u b e n m i r e ,  1 9 5 9 ) .  F o r e s t  s o i l  s am p le s  t a k e n  i n  t h i s  s t u d y  
a t  l o c a t i o n s  w here  p i n e  n e e d l e s  w ere  a b u n d a n t  had an a v e r a g e  pH o f  5 . 5 .  
One s a m p l e ,  t a k e n  a t  a  l o c a t i o n  where M vr ica  c e r i f e r a  o c c u r r e d  w i t h  a 
g ro u n d  c o v e r  o f  p i n e  n e e d l e s  (and  some 2.. p a t e n s )  had a pH o f  5 . 1 .
J u n i p e r u s  p r o v i d e s  a n o t a b l e  e x c e p t i o n  t o  t h e  r u l e  r e g a r d i n g  
c o n i f e r s .  T h i s  was o b s e r v e d  i n  a l l  wooded p l o t  sam p les  ( s e e  t a b l e  7 ,  
p a g e  5 6 ) .  A v e ra g e  pH f o r  s am p le s  d o m in a te d  by J u n i p e r u s  V i r g i n i a n s  was 
6 . A ( r a n g e  5 . 7  -  7 . 3 ) .  Au (1 9 6 9 )  r e p o r t e d  a pH r a n g e  o f  5 . 7 0  -  6 . 8 5  f o r  
sam p le s  t a k e n  u n d e r  r e d  c e d a r  i n  t h e  m a r i t i m e  f o r e s t  o f  S h a c k l e f o r d  
B a n k s ,  N o r th  C a r o l i n a .
Au a l s o  r e c o r d e d  a t r e n d  o f  i n c r e a s i n g  s o i l  m o i s t u r e  f rom  f o r e d u n e s  
t o  t h e  m a r i t i m e  f o r e s t .  T h i s  i n c r e a s e  may be  d u e  t o  t h e  a c c u m u l a t i o n  o f  
o r g a n i c  m a t t e r  i n  f o r e s t  s o i l s ,  f a c i l i t a t i n g  m o i s t u r e  r e t e n t i o n .
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C o r r e l a t i o n s  o b s e r v e d  i n  t h e  p r e s e n t  s t u d y  b e tw e e n  o r d i n a t i o n  axes  
and c o n c e n t r a t i o n s  o f  P ,  K ,  and Mg a r e  p r o b a b l y  p r i m a r i l y  due  t o  t h e  
v e r y  low v a l u e s  o f  t h e s e  n u t r i e n t s  i n  sand  sam p le s  ( i n c l u d i n g  sam p les  
do m in a te d  by  Ayntnnnhy l a  b r e v i l i g u i a t a )  . I n  SNEA ( T r a n s e c t s  7 and 8 ) ,  low 
K c o n c e n t r a t i o n s  a r e  a s s o c i a t e d  w i t h  p i n e  n e e d l e s  and w i t h  M vr ica
fcerifeia*
C a lc iu m  was c o r r e l a t e d  o n l y  w i t h  A x is  2 o f  t h e  VALL o r d i n a t i o n  and 
A x is  1 o f  t h e  MOCK o r d i n a t i o n .  I n  b o t h  c a s e s  a p a t t e r n  o f  low c a l c i u m  
c o n c e n t r a t i o n s  a s s o c i a t e d  w i t h  S p a r t i n a  a l t e r n i f l o r a  and S a l i c o r n i a  
v i r e i n i c a  ( 3 3 0 - 3 6 0  ppm) and h i g h  c a l c i u m  c o n c e n t r a t i o n s  a s s o c i a t e d  w i t h  
S p a r t i n a  p a t e n s  and D i s t i c h l i s  B p i c a t a  ( 5 6 0 - 6 3 8  ppm) was o b s e r v e d .  T h i s  
p a t t e r n  i 6  t h e  o p p o s i t e  o f  t h a t  o b s e r v e d  f o r  pH, w h ich  i n  VALL had t h e  
h i g h e s t  a v e r a g e  v a l u e  i n  2.. a l t e r n i f l o r a - d o m i n a t e d  sam p le s  and t h e  
l o w e s t  i n  s a m p le s  d o m i n a t e d  by  D. B P i c a t a .
T h i s  i s  a  c u r i o u s  phenomenon,  and no r e a d y  e x p l a n a t i o n  f o r  t h e  
t r e n d  i n  c a l c i u m  c o n c e n t r a t i o n s  i s  a p p a r e n t .  Edmonds e t  a l .  ( 1 9 8 5 )  
s t u d i e d  s a l t  m arsh  s o i l s  i n  Accomack and N or tham pton  C o u n t i e s  on 
V i r g i n i a ' s  E a s t e r n  S h o r e ,  and r e p o r t e d  on d i f f e r e n c e s  i n  pH and n u t r i e n t  
c o n c e n t r a t i o n s  b e t w e e n  S a l t m a r s h  C o r d g r a s s  ( £ .  a l t e r n i f l o r a ) m a rs h e s  and 
Sa ltmeadow ( p r e d o m i n a n t l y  S.* P a t e n s ) m a r s h e s .  R e s u l t s  o f  t h e  p r e s e n t  
s t u d y  a r e  i n  a g r e e m e n t  w i t h  r e s u l t s  o f  Edmonds e t  a l .  c o n c e r n i n g  t r e n d s  
f o r  pH and f o r  a l l  n u t r i e n t s  s t u d i e d  w i t h  t h e  e x c e p t i o n  o f  c a l c i u m .  
Edmonds e t  a l .  ( 1 9 8 5 )  r e p o r t e d  an a v e r a g e  c a l c i u m  c o n c e n t r a t i o n  i n  
s a l t m a r s h  c o r d g r a s s  m a r s h e s  1 . 5  t i m e s  a s  h i g h  as  t h a t  f o r  sa l tm eadow  
m a r s h e s .
I n t e r e s t i n g l y ,  c a l c i u m  c o n c e n t r a t i o n s  m easured  f o r  s a n d - d o m i n a t e d  
s a m p l e s  w h ich  w ere  i n c l u d e d  i n  VALL w ere  q u i t e  low ( a v e r a g i n g  148 ppm).
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T h i s  i s  a t y p i c a l  o f  t h e  dune  e n v i r o n m e n t  g e n e r a l l y ,  b u t  may b e  due  t o  
t h e  f a c t  t h a t  t h e  d u n e s  sampled  w ere  n o t  p r i m a r y  d u n e s  b u t  low,  r o l l i n g  
d u n e s  s i t u a t e d  a c o n s i d e r a b l e  d i s t a n c e  from t h e  s h o r e ,  and t h u s  s h e l l  
f r a g m e n t s  were  r e l a t i v e l y  s c a r c e .
D a ta  from wooded p l o t s  i n d i c a t e d  a s i g n i f i c a n t  r e l a t i o n s h i p  be tw ee n  
c a l c i u m  and J u n i p e r u s  v i r y i n i a n a . C a l c iu m  c o n c e n t r a t i o n s  o f  552-1200 
ppm w ere  r e c o r d e d  i n  a l l  wooded p l o t s .  D aubenmire  (1959 )  s t a t e d  t h a t  
J u n i o e r u B  l i t t e r  i s  r e l a t i v e l y  h i g h  i n  Mg and K c o n c e n t r a t i o n s  as  w e l l  
a s  C a ,  a  p r i n c i p l e  w hich  i s  s u p p o r t e d  by  d a t a  f rom t h e  p r e s e n t  s t u d y .
I t  i s  d i f f i c u l t  t o  d raw  c o n c l u s i o n s  r e g a r d i n g  t h e  i n f l u e n c e  o f  
n i t r a t e - n i t r o g e n  on  s p e c i e s  d i s t r i b u t i o n  b a s e d  on d a t a  from t h e  p r e s e n t  
s t u d y .  I n  s o i l  s am p le s  t a k e n  on  R eve l  I s l a n d  (REVW and REVE), l i t t l e  
d i f f e r e n c e  b e t w e e n  n i t r a t e  c o n c e n t r a t i o n s  a s s o c i a t e d  w i t h  d i f f e r e n t  
s p e c i e s  was o b s e r v e d ,  w i t h  t h e  e x c e p t i o n  o f  s a n d - d o m i n a t e d  sam p les  w hich  
c o n t a i n e d  f a r  lo w e r  c o n c e n t r a t i o n s  o f  n i t r a t e - n i t r o g e n .
F o r  s am p le s  c o l l e c t e d  on Snead B e a c h ,  a  h i g h  a v e r a g e  n i t r a t e  
c o n c e n t r a t i o n  (92  ppm) was a s s o c i a t e d  w i t h  S p a r t i n a  p a t e n s . I v a  
f r u t e s c e n s  and d e t r i t a l  mat  w ere  a s s o c i a t e d  w i t h  a v e r a g e  n i t r a t e  
c o n c e n t r a t i o n s  o f  72 and 73 ppm, r e s p e c t i v e l y .  The a v e r a g e  v a l u e  f o r  
S p a r t i n a  a l t e r n i f l o r a - d o m i n a t e d  sam p le s  was j u s t  s l i g h t l y  h i g h e r  th a n  
c o m p a r a b le  sam p le s  on R e v e l  I s l a n d .
I t  i s  p o s s i b l e  t h a t  t h e  h i g h e r  n i t r a t e  c o n c e n t r a t i o n s  r e c o r d e d  on 
Snead Beach a r e  due  t o  a r e l a t i v e l y  h i g h  p e r c e n t a g e  o f  o r g a n i c  m a t t e r  i n  
t h e  s o i l  on Snead Beach a s  compared t o  t h e  g e n e r a l l y  sandy  e n v i ro n m e n t  
on R eve l  I s l a n d .
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O t h e r  F a c t o r s ’ Which Mav A f f e c t  S p e c i e s  D i s t r i b u t i o n s
I n  a d d i t i o n  t o  e l e v a t i o n  and t i d a l  f a c t o r s ,  s a l i n i t y ,  pH, and 
n u t r i e n t  c o n c e n t r a t i o n s ,  s e v e r a l  a d d i t i o n a l  f a c t o r s  h a v e  b e e n  s u g g e s t e d  
a s  b e i n g  a t  l e a s t  p a r t i a l l y  r e s p o n s i b l e  f o r  z o n a t i o n  o f  c o a s t a l  
v e g e t a t i o n .  Some o f  t h e s e  a d d i t i o n a l  f a c t o r s  a r e  c l o s e l y  r e l a t e d  t o  th e  
f a c t o r s  a l r e a d y  d i s c u s s e d ,  b u t  a r e  n o n e t h e l e s s  w o r th y  o f  m e n t i o n .
Chapman ( 1 9 4 0 )  i n c l u d e d  s o i l  a e r a t i o n  and d r a i n a g e  i n  a  complex o f  
f a c t o r s  r e s p o n s i b l e  f o r  z o n a t i o n .  Reed (1 9 4 7 )  d i s c u s s e d  t h e  i m p o r t a n c e  
o f  d r a i n a g e  i n  a d d i t i o n  t o  s o i l  s a l i n i t y .
S o i l  t y p e  i s  m e n t io n e d  by s e v e r a l  a u t h o r s  as  b e i n g  an  i m p o r t a n t  
f a c t o r .  G a l l a g h e r  e t  a l .  ( 1 9 7 7 )  d i s t i n g u i s h e d  two g r o u p s  o f  s p e c i e s  i n  
G e o r g i a  m a rs h es  s t u d i e d ,  on  t h e  b a s i s  o f  s o i l  t y p e .  S a l i c p r n i a  
v i r g i n i t a . S b a r t i n a  p a t e n B . and S p o r o b o l u s  v i r g i n i c u s  ( D r o p s e e d ,  i n  t h e  
g r a s s  f a m i l y  P o a c e a e )  g rew  on sandy  s u b s t r a t e s  w h i l e  B p r r i c h i a  
f m t e s C B n s . D i s t i c h l i s  SpjcaiB. and gpartiDfl CYPmiPiflEg d e v e l o p e d  on 
s u b s t r a t e s  composed p r i m a r i l y  o f  s i l t  and c l a y .
J o h n s o n  and York ( 1 9 1 5 )  r e p o r t e d  t h a t  S a l i c o r n i a  and Suaeda  occupy  
a r e a s  w i t h  sandy  o r  g r a v e l l y  s o i l ,  w i t h  l i t t l e  humus .  A l t e r n a t i n g  w i th  
t h e s e  a r e a s  t h e y  found s t r e t c h e s  c o n t a i n i n g  more humus,  w hich  were  
o c c u p i e d  c h i e f l y  by  S p a r t i n a  p a t e n s  and D i s t i c h l i s .
Gray and Bunce (1 9 7 2 )  d i s c u s s e d  t h e  complex o f  f a c t o r s  a s s o c i a t e d  
w i t h  s o i l  f o r m a t i o n  and s o i l  d e v e l o p m e n t .  T h e i r  s t u d y  s u g g e s t e d  t h e  
i m p o r t a n c e  o f  f a c t o r s  r e l a t e d  t o  t h e  o r g a n i c  and n u t r i t i o n a l  s t a t u s  o f  
t h e  s o i l s ,  im p ly in g  t h a t  t i d a l  i n u n d a t i o n  and r e l a t e d  f a c t o r s  a r e  
s u p e r im p o s e d  u p o n ,  and i n t e r a c t  w i t h ,  e d a p h i c  f a c t o r s .
F i n a l l y ,  a s  p r e v i o u s l y  d i s c u s s e d ,  t h e  f a c t o r  o f  c o m p e t i t i o n  w i th  
o t h e r  a n g i o s p e r m s  c a n  a f f e c t  t h e  d i s t r i b u t i o n  o f  s a l t  marsh  s p e c i e s  a t
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t h e  u p p e r  l e v e l s  o f  t h e  m a rsh  ( J o h n s o n  and Y o rk ,  1915;  Reed,  1947;  Boon 
e t  a l . ,  1 9 7 7 ) .
C l e a r l y ,  t h e  e f f e c t s  o f  any one f a c t o r  s u c h  as  t i d e - e l e v a t i o n  may 
b e  h i g h l y  m o d i f i e d  by o t h e r  f a c t o r s  s u c h  a& s a l i n i t y  o r  t y p e  o f  
s u b s t r a t e ,  and t h u s  t h e  combined e f f e c t s  o f  s e v e r a l  f a c t o r s  may i n  f a c t  
b e  o p e r a t i n g  t o  i n f l u e n c e  community d i s t r i b u t i o n .
R anwell  ( 1 9 7 2 )  s t r e s s e d  t h e  i m p o r t a n c e  o f  wind as  an e n v i r o n m e n t a l  
f a c t o r  on  c o a s t a l  s an d  d u n e s .  He s t a t e d  t h a t  wind " e x e r t s  a  p ro fo u n d  
i n f l u e n c e  on  t h e  g r o w th  o f  dune  p l a n t s ,  on t h e  r e d i s t r i b u t i o n  o f  o r g a n i c  
and i n o r g a n i c  n u t r i e n t s ,  on t h e  amount o f  s a l t  r e c e i v e d ,  on t h e  
d i s t r i b u t i o n  o f  p r o p a g u l e s ,  and above a l l  s h a p e s  t h e  v e r y  g round  on 
w hich  t h e y  g r o w ."
Au (1 9 6 9 )  c o n c l u d e d  t h a t  t h e  combined e f f e c t s  o f  w in d ,  s o i l ,  and 
t o p o g r a p h y  a r e  t h e  m os t  i m p o r t a n t  e n v i r o n m e n t a l  f a c t o r s  on S h a c k l e f o r d  
Bank .  He c a u t i o n e d  t h a t  no s i n g l e  f a c t o r  c a n  s a t i s f a c t o r i l y  e x p l a i n  t h e  
e c o l o g y  o f  c o a s t a l  v e g e t a t i o n .
SUMMARY AND CONCLUSIONS
1)  T h r e e  g e o g r a p h i c a l l y  s i m i l a r  s i t e s  on  t h e  V i r g i n i a  b a r r i e r  i s l a n d  
complex  w ere  s e l e c t e d  f o r  s t u d y .  Each s i t e  c o n t a i n s  one  o r  more 
o u t l y i n g  r i d g e s  v e g e t a t e d  by  m a r i t i m e  f o r e s t  s p e c i e s ,  f r e q u e n t l y  
s u r r o u n d e d  by  e x t e n s i v e  s a l t  m a r s h .
2)  Community s t r u c t u r e  was examined a t  e a c h  s i t e ,  c o n c e n t r a t i n g  on th e  
r i d g e  a r e a s .  R e l a t i o n s h i p s  b e tw e e n  p a t t e r n s  o f  s p e c i e s  
d i s t r i b u t i o n  and s e l e c t e d  e n v i r o n m e n t a l  f a c t o r s  ( e l e v a t i o n  and 
e d a p h i c  v a r i a b l e s )  were  e x a m in e d .  E f f o r t s  were made t o  a c c o u n t  f o r  
p a t t e r n s  i n  community  c o m p o s i t i o n  a t  e a c h  6 tu d y  s i t e  a s  w e l l  as  
d i f f e r e n c e s  b e tw e e n  s t u d y  s i t e s .
3 )  The t e c h n i q u e  o f  D e t r e n d e d  C o r r e s p o n d e n c e  A n a l y s i s  a s  p e r fo rm e d  by 
t h e  FORTRAN p rog ram  DECORANA p ro v ed  t o  be  h i g h l y  s u c c e s s f u l  i n  
c l a r i f y i n g  community  s t r u c t u r e .  T re n d s  i n  s p e c i e s  d i s t r i b u t i o n  a r e  
r e a d i l y  a p p a r e n t  i n  p l o t s  o f  o r d i n a t i o n  s c o r e s  ( s e e  F i g u r e s  5 - 9 ) .
4 )  E l e v a t i o n  and t i d a l  i n u n d a t i o n  a r e  t h e  f a c t o r s  m os t  f r e q u e n t l y  
c i t e d  a s  c o n t r o l l i n g  o r  d e t e r m i n i n g  t h e  z o n a t i o n  o f  c o a s t a l  s a l t  
m a rsh  v e g e t a t i o n .  I n  t h e  p r e s e n t  s t u d y  e l e v a t i o n  w as ,  i n  f a c t ,  
h i g h l y  c o r r e l a t e d  w i t h  t h e  f i r s t  a x i s  o f  e a c h  o f  t h e  f i v e  
o r d i n a t i o n s  p e r f o r m e d .  T h i s  p o i n t s  t o  t h e  i m p o r t a n c e  o f  e l e v a t i o n
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( a n d  t h e  t i d a l  f a c t o r s  a s s o c i a t e d  w i t h  i t )  a s  t h e  p r i m a r y  f a c t o r  
d e t e r m i n i n g  z o n a t i o n .
The e l e v a t i o n a l  d e f i n i t i o n  o f  t h e  u p p e r  l i m i t  o f  t i d a l  m a rs h e s  as 
s e t  f o r t h  i n  t h e  V i r g i n i a  W et lands  A c t  ( i . e . ,  MLW + 1 . 5  mean t i d e  
r a n g e )  was d e t e r m i n e d  t o  b e  a p p r o p r i a t e  f o r  t h e  s a l t  m a rs h es  
i n c l u d e d  i n  t h e  p r e s e n t  s t u d y .
5)  I n  a d d i t i o n  t o  t h e  o b v i o u s  e l e v a t i o n  g r a d i e n t ,  an i m p o r t a n t  
g r a d i e n t  i n  t h e  c o n c e n t r a t i o n  o f  s o l u b l e  s a l t s  i s  e v i d e n t .  A 
s i g n i f i c a n t  c o r r e l a t i o n  e x i s t s  b e t w e e n  t h e  c o n c e n t r a t i o n  o f  s o l u b l e  
s a l t s  and s c o r e s  on t h e  f i r s t  o r d i n a t i o n  a x i s  i n  f o u r  o f  t h e  f i v e  
o r d i n a t i o n s  p e r f o r m e d .
6)  S an d -d o m in a te d  s o i l  s a m p l e s ,  p a r t i c u l a r l y  t h o s e  t a k e n  on Revel  
I s l a n d ' 8  e a s t  r i d g e ,  c o n t a i n e d  v e r y  low c o n c e n t r a t i o n s  o f  a l l  
n u t r i e n t s  e x a m in e d .  T h i s  f a c t  s e r v e d  t o  s t r e n g t h e n  t h e  g r a d i e n t s  
o f  t h e s e  n u t r i e n t s  a l o n g  o r d i n a t i o n  a x e s .
7)  E n v i r o n m e n t a l  d a t a  f rom wooded p l o t s  c o n t a i n i n g  m a r i t i m e  f o r e s t  
s p e c i e s  i n d i c a t e  a  s i g n i f i c a n t  r e l a t i o n s h i p  b e t w e e n  Jonit>eru3 
v i r g i n i a n a  ( r e d  c e d a r )  and c a l c i u m  c o n c e n t r a t i o n s  i n  t h e  s o i l .
( J u n i p e r u s  v i r g i n i a n a  i s  t h e  p r e d o m i n a n t  s p e c i e s  o c c u r r i n g  on eac h  
o f  t h e  wooded r i d g e s  s t u d i e d . )  The c a l c i u m  c o n c e n t r a t i o n  i n  a l l  
wooded p l o t s  s t u d i e d  a v e r a g e d  920 ppm, a v a l u e  f a r  h i g h e r  t h a n  t h a t  
a s s o c i a t e d  w i t h  any o t h e r  s p e c i e s  i n  t h i s  s t u d y .
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8 ) The d i s t r i b u t i o n  o f  s p e c i e s  w i t h i n  s a l t  m arsh  and c o a s t a l  s t r a n d
com m u n i t ie s  may be  b e s t  e x p l a i n e d  by a  complex o f  f a c t o r s ,  o f  which  
t i d e - e l e v a t i o n  and s a l i n i t y  a r e  t h e  most  i m p o r t a n t .  O the r  
s i g n i f i c a n t  f a c t o r s  i n c l u d e  e d a p h i c  v a r i a b l e s ,  w in d ,  d i s t u r b a n c e ,  
and c o m p e t i t i o n  w i t h  u p l a n d  o r  i n l a n d  s p e c i e s .
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